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ABSTRACT 


A stereoselective total synthesis of a hitherto un- 
reported epimer of the naturally occurring sesquiterpene 
kessane (I), namely, 5-epikessane (II), and two unsatu- 
rated derivatives, dehydrokessane (III) and A>-dehydro- 
kessane (IV) has been achieved. In developing the syn- 
thesis a new approach for constructing the hydroazulene 
system was introduced. Primarily, the method involves the 
construction of a Suitable Peieyololseol0s0aa decane sys- 
tem by photochemical means followed by specific cleavage 
of a carbon-carbon bond of the resulting cyclobutane ring. 

Photocycloaddition of l-acetoxy-2-carbomethoxy- 
cyclopentene and 4-acetoxy-2-cyclopentenone followed by 
acid treatment of the resulting photoadducts gave enone 
V. Treatment of V with a complex prepared from methyl- 
magnesium bromide and cuprous iodide followed by thio- 
ketalization of the resulting ketone VI gave the 
thioketal VII. Reduction of VII with Raney nickel 
afforded the ester VIII which on reduction with lithium 
aluminum nydride cave rise to drol, ix.) ) The 1, 3s-olycol 
cleavage of IX with p-toluenesulfonyl chloride in 
pyridine furnished keto olefin X which was subsequently 
converted to g-keto ester XI using sodium hydride and 
dimethyl carbonate. Treatment of XI with sodium hydride 


and methyllithium gave rise to ketol XII. Oxymercuration- 
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reduction of XII effected the ether ring formation to give 
the keto ether XIII. Reduction of XIII with lithium alumin- 
um hydride followed by dehydration of the alcohol XIV 

then gave the dehydrokessane (III) and A>-dehydro- 

kessane (IV). Reduction of XV, obtained by phosphoryla- 
tion (N,N-dimethylphosphoramidic dichloride and di- 
methylamine) of XIV, with lithium in ethylamine completed 
the synthesis of 5-epikessane (II). Alternatively 

keto ester XI was converted to enol ether XVI using 
sodium hydride and chloromethyl methyl ether. Lithium- 
ethylamine reduction of XVI followed by treatment of 

the product with methyllithium afforded alcohol XVII. 
Oxymercuration-reduction of XVII also gave 5-epikessane 
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INTRODUCTION 


It had long been recognized that certain essen- 
tial oils, when subjected to mild acid treatment, oxida- 
tion or distillation, developed a blue color. MThese 
blue substances, collectively known as azulene? had 
mystified and intrigued chemists for nearly three 
quarters of a century until 1936 when Pfau and Plattner 
(Ziecomnulateouthemstructuren! for the parent sazulene. 
The structural assignment was confirmed by a total 
synthesis and since then a number of substituted azulenes 
have been prepared (2). 

Sesquiterpenes based on the hydroazulene (hydro- 
penatedsversion Of 1) eskeleton are widely distributed 
in nature. The early development of their structural 
chemistry was facilitated by the research into azulene 
ivandsits derivatives. More specifically, by a dehydro- 
genation process, naturally occurring compounds often 
gave rise to simple substituted azulenes of known struc- 
tures whereby the carbon skeleton of the parent molecule 
could, be established without much, difficulty (3). For 


example, the gross structure of guaiol 2 was identified 


: The name azuléne was initially applied in 1863 by 


Piesse (1) to the blue substance which he obtained from 
the essential oil of wormwood. It had since been re- 


tained for the parent hydrocarbon l. 
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by its dehydrogenation with sulfur to the known com- 
pound S-guaiazulene 3 (4). Although convenient, the 
dehydrogenation method was not entirely reliable since 
it was frequently accompanied by the skeleton rearrange- 
ment. It was thus not unusual that, misled by the 
available information, the investigators arrived at 
errous conclusion of the carbon skeleton of the parent 
compound.  8-Vetivone, for instance, had for many years 
been considered to possess structure 4 mainly due to 
its dehydrogenation to give vetivazulene Det) ances 
was not until recently that an unambiguous synthesis 
revealed its correctsconstitution as 96 (6,7,3).. 

In recent years, the development of natural 
products chemistry has been greatly accelerated by the 
refined isolation and purification techniques, as well 
as by the availability of the far more sophisticated 
analytical methods. The field of hydroazulenic ses- 
quiterpenes makes no exception and during the last 
two decades or so, a vaSt number of the naturally ocur- 
ring compounds of this class have been isolated and, 
in spite of their structural complexity, many have 
been fully characterized (9,10,11). 

With few exceptions [e.g. Mexicanin E (7) (12) a 
fourteen carbon molecule], three carbon substituents 
in the form of two one-carbon units and an isopropyl 


group are commonly observed in hydroazulenic sesquiter- 
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OH 


penes,. Differing from each other in the substitution 
DacternyetOuL tamtiies Of this classsof natural proaucts 
are known. The major one is the guaianolide family of 
which guaiol 2 is a representative member. As also 
observed for pseudoguaianolide and daucane-type ses- 
quiterpenes (vide infra), additional carbocycle [e.g- 
aLomadendrenc (0) (13) "0G Oxygen-contai ning srings 91m 
form of an ether linkage [e.g. kessane (9) (14) 5 orea 
bactoneslinkages eng. jacduine ling (10 )miCL5)mormpoth 
lon gpmaroores inet) Wja( lo) lmaresorten present si1nqua lano— 
lides. From a biogenetic point of view, guaianolides 
are considered to be normal products in which the 
linkage of three isoprene units follows strictly the 
head-to-tail rule (17,18). 
Pseudogudaranolidessand=21erone 2 "ditiers (rom 
guaianolides in the location of a methyl unit and the 
isopropyl group respectively as a result of the migra- 
Plonueo Hesuchagroupsmauring Lhe sol1Osynthesi sa (los ho). 
Breronew (i2) e019, 207,21, 22) is the only member of the 


SOscattedezacrazulene §(13) family~. Sesquiterpenes of 


‘ Prior to its correct structural assignment, zierone 
(12) was believed to have the same skeleton as that of 
zierazulene (13), since its dehydrogenation resulted in 
exclusion formation of the latter compounds. Natural 
products possessing the zierazulene skeleton, at present, 


still remain unknown. 
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the pseudoguaianolide family are also large in num- 
ber. Confertin (14) (23) and ambrosin PS) ea oeare 
two representative examples. 

several natural products such as daucol (16) 

(24) and carotol (17) (25) are known to possess the 
daucane (18) skeleton which represents the fourth 
variation of hydroazulenic sesquiterpenes in carbon 
substitution pattern. It is noted that arrangement of 
the three isoprene units in daucane (18) also follows 
the normal head-to-tail manner and that its biosynthe- 
Sis from farnesyl pyrophosphate proceeds by a mode of 
cyclization (26) fundamentally different from that of 
the other types of hydroazulenic sesquiterpenes men- 
tioned earlier. 

Although/the physiological function of hydroazu- 
lenic sesquiterpenes in plants remain to be understood, 
some have been shown to be highly odoriferous compounds 
(27) and some found to have potential medicinal use 
(28,29,30). These interesting properties coupled with 
the chemical challenge presented by these rather com- 
plex molecules have stimulated considerable efforts in 
recent years in the search for new efficient methods 
for the construction of suitably functionalized hydro- 
azulenes (31). The developed methods, some of which 
have been successfully applied to the syntheses of 


natural products and/or structurally related compounds, 
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can be classified in three major approaches as follow. 


(1) Modification of bicyclic system containing cyclo- 
hexane rings. 

Bicyclo[4.4.0]decane and bicyclo[4.3.1l]decane de- 
rivatives can theoretically be rearranged to hydro- 
azulenes involving 1,2-migration of a specific carbon- 
carbon bond. This principle has been recognized and 
several methods developed accordingly. Although quite 
lengthy, by virtue of the better understanding of the 
cyclohexane system and the relative conformational 
rigidity of such a system, these methods often permit 
good control of the stereochemistry of the precursors 
and consequently that of the rearranged products. 

A classical? example” for the transformation of the 
Gecalin system to hydroazulene skeleton is the photo- 
chemically induced rearrangement of santonin (19) to 
isophotosantonin (20) (32). Using this method, Piers 
and Cheng converted the known dienone 21 to ketol 22, 
Wii chwOne ULtieramodificattonsdabiordedsa—bulnesene 
(23) (33,34). Other successful syntheses of hydroazu- 
lenic sesquiterpenes through the photochemical re- 
arrangement of decalins include those of dihydro- 
arbigloyin, (24) (35), achillin (25a) (36)7— deacetony = 
NedueLCamrne co )me oo je and arboresin (11) (38). Caine 


and Ingwatson reported the synthesis of (-)-cyclo- 


colorene (26) from (-)-maalione (27) involving photoly- 


a ay AO . Nae 7 “5 


fe ie 
ee si on soli " — 


" pa yr oe rate ws nein oft shih ‘2 ip. 


, nw aa My ge -= | 7 
3h 
. 


ment. bai ied bes snnaob | 5 bled ‘ss petite 


ag< ca Dotestvess od wh ins? v cont — 
So foresaw: wi palviovnd ar 


ane ye. 26 ' hae rn i 


26M @Lakmi.gS =a _ «ores ne 


bas fies aiPOs ty be set 
wseta ayvleathiense Saqotovi: eres iaa@ 
to, miulhoste=ee4 yostas eft ae ee Porte i= em J 
fommotucte, pviaplsy ait: Son me>ege shen) a: 
ities edt nebo 2aeds) (eva le © Ave 36 yas 
sA3 sata iy, 36 et) Bo ergy! ati ta corre: sam 
e4SaSora Baschrigas: td 20 Peas Ln yaeane: 
ac? to. goals. ctv renny2 wit? 20), sigue Lessee ye 
~—<genttn G43 27; aes ot rr sneTLareinye 64 ms7eya me : ore 
wh (er) nea) Ld ha ee me poe ete fooghbnt vifesm ats 
“1% Seatien xis poled «(5t) (08) atne tame Fa : 
SS .leten 091.5 anCoeskh nor! eh! "oe raerracs eenaai te 
aces fate a lnapaeh 2 inp. gpd sanes wt sve dal te 
“ix Boyt ie tee ia iby aeeoaue we ~ oe nA ee 
“3 bet agsecrad: efi AgueTdéy weno ne pena on 
~yingittp ae gods salvar Feared gal bea dese 2a ” 
pes fh) ge) ee ne naa 3 
5 eee cane — 


COOCH, 
COOCH3 


CHO 
H 


10. 


Oo 
H 
| H 
ti 
sir 
H COOCH3 
33 
CH3S020 
ey OH 


{ 


! COOCH3 


aL 


Eee 


Sis of dienone 28 as a key step (39). 

Solvolytic rearrangement of suitably substituted 
decalins to hydroazulene derivatives has also ample 
examples. The feasibility of such a process was first 
demonstrated by Buchi and his co-workers in their ele- 
gant synthesis of (-)-aromadendrene (antipode of 8) San 
which the crucial step was the solvolysis of tosylate 
Zum reparecd™ Lrome(>) pert laldehydes(30)— tosapoaroma— 
dendrene (31) (40). More recently, Kato, twa (ere) 
reported that tosylate 32 on solvolysis gave rise to 
33, a known intermediate for bulnesol (34) synthesis. 
This procedure was further extended by the same group 
of investigators to the total synthesis of kessane (9) 
(AZ) ei newitche sOrvolysiceot thescis—-fusedudecalin 
derivative 35, prepared from the well known Wieland- 
Miescher ketone 36 (43), induced both the desired 
skeletal rearrangement and the ether ring closure to 
give 9 in 30% yield. A similar route was also used in 
a recent synthesis of bulnesol (34) and a-bulnesene (23), 
involving the transformation of Wieland-Miescher ketone 
36 to tosylates 37 and 38 and the solvolysis of the 
latter compounds to give the target molecules (44). 

Solvolysis of functionalized bicyclo[4.3.1]decane 
derivative as a means for the construction of hydro- 
azulene system has been extensively studied by Marshall 


and Partridge (45) and highlighted in a total synthesis 


eS 


iy « | 
oe Rca: a 
. aa. aa a 
aiyoy w dyone 9A Neal cde: 
—s Sid pStgsees ps on 
ee hey le gntet tr i) c 
Ts Hieylnetue rie one) ese inet ef ‘ 
can bem 39105 An gebe NES VaR i-9 joe be 
Sy yd 10001 GAL eG heer: oe POT 
ayy BiPL ICOMOS, Aa 52 ote’ Gear ane 
egia.s Gh) taghia oc eicilleesers! eegas) @ 
me Mee yi Laradys tHe emm enteeng® 
(ay vitasew 60: etnsidrtiy (tg. 28% tp aiueieenend % 7 
iiegeb oe 7H) Panta secitor inal eee ea - 
Well ety 'anvad) L459, 443 eed) tabenigety Lie | | | 
ecw dears 238 Gettal . et © rte 
bAee nits eae ott ae sn! eerste 
i] Wena owls ‘s ar3in iadeie a precy ome aa. 
SS & wed uate ON ee A sepa 
«niaa tut antl, Poth ial ws eer @a 
mits he Whitest tae iy tapes | q 


‘aie 
oid) ie 
Cerna 


i 


a 


bhi 


C7H7S020 haias| 
Za | S 
| 
a i [Sou 
zs 38 
OSO5CH3 
SAY 
| CH ,0Ac H ‘CH OA 
H a 
re 40 
CHoX 


® 


Of bulnesol (34) involving, as a key step, the solvolytic 
rearrangement of mesylate 39 to olefin 40. 

One carbon ring expansion of hydroindane system has 
also found use in the preparation of functionalized 
hydroazulenes. Solvolysis of saturated hydro- 
indanes of general formula 41 (x = leaving group) gave 
rise, as expected, to all three possible Wagner-Meerwein 
rearrangement products (with respect to carbon skeleton) 
without much selectivity (46). The presence of a C-5 
double bond, however, has been shown to alter markedly 
the course of reaction giving predominantly the hydro- 
agUlen Ceproduct = sFOr instance, acetolysis of. 42 
resulted in the preferential formation of hydroazulene 
43 (4/)°.\ A mechanistic rationale (scheme I){has (been 
postulated to account for these interesting findings. 
The transformation of mesylate 44 to 45 by acetolysis 
imesconnection with a total synthesisor guaiol (2)5 (48) 
represents another example of such a process and also 
demonstrated its synthetic applicability. 

Several years ago, Marshall and his co-workers re- 
ported a stereoselective one-carbon ring expansion 
sesquence with concomitant y-butyrolactone formation (49, 
50).. The procedure involves the construction of cyclo- 
propylcarbinol intermediates such as 46a and 46b from 
an cenonesas illustrated in scheme LE or from oener 


Suitable starting materials, and the acid-induced ring 
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fission of these alcohols to complete the homologation. 
A modified version of this process has recently been 
extended to hydroazulene synthesis (51). Thus, the 
known enone 47 (52) was converted in eight steps into 
cyclopropylcarbinol 48, which on acid treatment gave 
rise to hydroazulenic lactone 49. Further modification 
of the latter substance completed a total synthesis 


of comferin (14) (51) 


(11) Olefin cyclization reactions. 

Cation-initiated transannular cyclization of cyclo- 
decadiene derivatives has been considered to play an 
important role in the biosynthesis of hydroazulenic 
sesquiterpenes (17). Several methods for hydroazulenes 
synthesis have been developed mimicking the possible 
biosynthetic process. It is noted that the cyclization 
of possible biosynthetic decadiene intermediates such 
ase. 0sto hydroazuleéne skeleton requiressan-antir— 
Markovnikoff mode of reaction as depicted in scheme III. 
Whereas biosynthetically it can well proceed with ease 
under enzymatic control, such an unfavorable cationic 
cyclization is at present impractical in the laboratory. 
It has been shown, however, that the desired mode of 
cyclization can be facilitated by means of "activation" 


of one of the double bonds. Brown and Sutherland, for 


instance, found that mild acid treatment of 51 mainly gave 


rise to the hydroazulenic products 52 and 53 (53) as a 
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result of the acid-promoted epoxide cleavage with 
transannular participation of the endocyclic double bond. 
The device used by Marshall, etval. 904 Wace tnerane ros 
duction Of an allylic leaving group to activate the 
adjacent double bond. This method was exemplified by 
the solvolysis of cyclodecadiene 54 to 55, a key 
intermediate in the total synthesis of (+)-globutol 
(56) (55). Recently, Iguchi and co-workers showed that 
the guaiazulene skeleton could be obtained by trans- 
annular cyclization of germacrane derivative (56). Thus, 
on treatment with thiophenol and formic acid, germacrone 
Due WasmcyC1l4a ZCCRLOngivemnydroazulenie ketonemoo: 

Acid catalized cyclization of appropriately sub- 


stituted cyclopentane derivatives leading to hydro- 


azulene skeleton has also been extensively studied. Using 


Aguoi nome LeacuiOnyeMarsial lec tedl .walave ss uCCeedcdmrn 
eyelrzing unsaturated aldehydes 59a,and = 59b ito yhydro= 
azulenes 60a and 60b respectively in a highly stereo- 
selective manner (57). An extension of this method is 
fOindeineay total, synthesis of guaiol (2) eandsbulnesol 
(33) (58,59), where treatment of 61a and 61lb with 
Derchloric acidsand acetic anhydride resulted in ythe for=— 
Mation.et, along with 62, the key intermediates 63a 

and 63b respectively. The use of chloroolefin annelation 
(60) has been briefly explored in the field of hydro- 


azulene synthesis. The only example known is the 
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formolysis of olefin 64 to give ketone 65 (61) and its 


synthetic applicability remains to be attested. 


(i111) Selective RingsoOpening of LeLcy Cl ice eomoewndse 

In 1965, Stork and Landesman described a two carbon 
ring expansion procedure (62) involving the reaction 
Of a cycloalkane enamine with acrolein as a starting 
point. Subsequent treatment of the resulting amino 
ketone 66 with methyl iodide and alkali induced selec- 
tive cleavage of a bridge carbon-carbon bond to furnish 
thesunsaturated acid Of general formula, 67.5) some six 
years later, this method was extended to a hydroazulene 
synthesis in which amino ketone 68, prepared from pyrro- 
lidine enamine of cyclopentanone and 1-formylcyclopen- 
tene, was converted to an acid 69 in an analogous manner 
(63). An alternative method has also been demonstrated 
in a total synthesis of guaiol (2) (64) in which the 
selective ring-opening required for the key transforma- 
tion 70+71 (with sodium methoxide) is apparently facili- 
tated by the presence of a nonenolizable (between two 
carbonyls) vinylogous $-diketone moiety. 

Thesthircd variation in this category 1s an sclose 
association with the present work and is therefore 


separately discussed in some detail as follows. 


In principle, the hydroazulenic system could be 


produced by cleaving a specific bond of an appropriate 
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tricycle which embodies such a system. One of the con- 
ceivable tricycles is represented by formula Ue ous 

which two five-membered rings are attached to a cyclo- 
butane. The transformation of we to hydroazulene skele- 
ton could be envisaged by a two-carbon ring expansion 
process involving selective cleavage of bond a or b 

of the highly strained cyclobutane ring. The conveyance 
of this concept to practice has been greatly assisted 

by the rapid development of photocycloaddition reactions 
during the past two decades (65). The otherwise diffi- 
cultly accessible material of type 72 could now be 
obtained in a remarkably simple fashion by photochemical 
fusion of two cyclopentene derivatives. The feasibility 
of such an approach was first demonstrated by Hikino 
andwdewMayo (65)... They showed that 3-acetoxy-—2=cyico- 
pentenone could add photochemically to cyclopentene to 
Vierdsteercyalic ketOnacetates) jsand) that theslatrer 
compound when subjected to alkali treatment underwent 
selective ring cleavage through a retroaldol process 
giving hydroazulenic dione 74. Clearly, such an approach 
to hydroazulene synthesis is superior to those discussed 
earlier in terms of simplicity. The complete lack of 
functionality coupled with the fact that) thegdmtrercntias 
tion of two ketone carbonyls is expected to be difficult, 
however, make this particular method not viable to the 


synthesis of hydroazulenic sesquiterpenes. 
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Based on the same general principle, a new method 
has#ebeenr developed inthis Vaboratory (67). This method 
allows the formation of a hydroazulenic system with 
functionalities in both rings by two synthetic steps. 
The tricyclic intermediate 75 was produced with high 
regioselectivity by photocycloaddition of 2-cyclopenten- 
one to l-acetoxy-2-carbomethoxycyclopentene (76). The 
latter compound was chosen for the following reasons. 
The two substituents were expected to reinforce the 
regioselectivity of the addition as they were shown to 
exert opposite orientation effects (64). Their locations 
iit ieeOnOcOddducta) seweLesnurtnien expected: tOspermit 
the cleavage of a specific bond by a reverse Claisen- 
type reaction to fulfill the required two carbon ring 
expansion leading to hydroazulene moiety. Indeed, 
photoadduct 75 when treated with sodium methoxide re- 
sulted in the formation of keto ester Tae The two 
ketone carbonyls could be readily differentiated by 


taking advantage of the preexisting ketone carbonyl 


= It is noted that although the same general principle 


apphues;ethis procedure has practical differences from 


that of Hikino and de Mayo (vide supra). Most noticeably, 


whereas in the former case the cyclopentanone ring was 
retained throughout the synthesis, the latter method 


required its modification to a seven-membered one. 
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ee emt ot CYCLC/O mee NUS, ketalization of 75 followed 
by ring scission gavel rise to ketal ester 78. 

The present studies are focused on the general 
applicability of this method to the synthesis of guai- 
azulenic sesquiterpenes using kessane (9) as a model. 
The following sections describe a highly stereoselective 
total synthesis of a hitherto unknown epimer of kessane 
(9), namely, 5-epikessane (79), and =two unsaturated: de— 
rivatives, dehydrokessane (80) and A>—dehydrokessane 


(81) by a modified version of the method. 


>i a 7 
7 ry: ate 7 ” dust ateeh 


7 : ; ot ’ 
oe SLs | " a ow aul aot wm & pete a an: a Or 
; R. ee Pres 
-2Qt> AG esigni= nib oF henian aig a tat " etait 
: neL Ge 
wt mi eS a) > 1¥ceDe Sertics 260 ones aioe 9 rae: Kf 


ahieyel speach vlepdil «ediapreb eats ioe valwos hot ode ind 


ehhests Of Tags woth es it-e in glausenve Lnsaa. 


arr 4 onMS > 44458 ¢ Vleee + 2 


=*s Ted Aas Arey card Muth ry 
Seiad A Sed 404) onsesegoqrbyeo® <eavilg 
holden. sd? Tm Aolester beitiiar € eh, (2 


COOCH, 


225 


RESULTS AND DISCUSSION 


Ties read, lyenoticeable: that keto. ester ih cite 
end product of the reported method (67), resembles 
kessane (9) by the presence of the parent hydroazulene 
framework and a potential methyl substituent at aly: 
position. Furthermore, its C-6 ketone carbonyl 
could serve as a convenient handle for the incorporation 
Olan lcOpropy Peumut requilredstorsessane s(0)Mat i Cas, 
as well as for the adjustment of the stereochemistry, 
if necesary, of the two adjacent centers C-5 and C-7 
(and hence C-10 through the ether bridge formation) by 
epimerization at a suitable stage. In order to utilize 
the method effectively in the synthesis of 9, however, 
the following requirements have to be met: (i) activa- 
tion of C-4 so that a methyl group could be introduced, 
preferably in a highly stereoselective manner, and 
(ii) oxidation of C-10 to an adequate level to assist 
the required ether ring formation. It was with these 
objectives that the present studies were commenced. 

To facilitate the incorporation of the required 
methyl group at C-4, 4-acetoxy-2-cyclopentenone (68) 
was chosen as the starting enone for the photocyclo- 


addition reaction with l-acetoxy-2-carbomethoxycyclo- 


In this section, the conventional numbering system for 


hydroazulene as indicated in formula 77 is used. 
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pentene (76). The photoadduct was expected to undergo 
facile f-elimination reaction to generate an a,f-un- 
saturated ketone moiety thereby providing a mechanism 
for introducing a methyl group through a conjugate 
addition. Irradiation of 4-acetoxy-2-cyclopentenone and 
and (76) in benzene using a 450 W Hanovia high-pressure 
mercury-vapor lamp and a Pyrex filter at room tempera- 
ture for 24 h, gave rise to a mixture consisting of at 
least three components (disregarding the possible 
stereoisomerism due to the unspecified chiral centers), 
Lhnescesaredsketones32.as the ma jon productrand: the 
diastereomeric ketones 83 and 84 in minor quantities. 
These photoadducts could not be isolated in pure form 
due to their instability. Attempted purification of 
the crude mixture by silica gel column chromatography, 
for instance, induced, in part, elimination of acetic 
acid. The tentative structural assignments were made 
on the basis of the subsequent transformations carried 


on with the unpurified mixture. 


The crude photoadducts when treated with a catalytic 


amount of p-toluenesulfonic acid at room temperature 
underwent smoothly S-elimination of acetic acid. 
Although homogeneous on thin-layer chromatography (tlc), 
the material thus obtained in 80% yield (based on 4- 
acetoxy-2-cyclopentenone) in fact consisted of three 


components as shown by the gas chromatographic (gc) 
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analysis and by the proton nuclear magnetic resonance 
(tu nmr) spectrum which showed three singlets each for 
PHeracetoxy (69 In oO, plo 2. and #2200) and) the carbo— 
Methoxye(6=3. 527 83 s00 band 3.65) groups as well as three 
MuUbttpletsseach forether cq (656.83, 6230, and 6.24) 
ancdmcne wom Onto 6,6 SOO ;m and 7S) DprOlLOons= co tatbe 
enone moiety. Furthermore, by the relative intensities 
of these signals the ratio of the three components 
could be determined to be approximately 7:3:1. Al- 
though, the mixture was found to be inseparable by 
column chromatography, a small amount of each of the 
two main components could be obtained in pure form by 
means Of high pressure liquid chromatography. These 
two compounds were shown to possess the gross struc- 
TuGesoobDYs tne tOllowing, spectral data. § The by-tar 
major compound showed, in its infrared (ir) spectrum, 
characteristic absorption bands for the ester carbonyls 
and the a,8-unsaturated cyclopentenone at 1740 and 1715 
cm ~ respectively. It's iy nmr displayed two methyl 
Sangletseat@ow..92 "and S.o2) respectively for theracecoxy 
and carbomethoxy groups. The olefinic proton a to the 
ketone was found to resonate at 5 6.33 as a doublet 

of doublets, while the B-proton appeared at 6 7.36 also 
astvardouplet of doublets. “The ir spectrum cf {the other 
pure substance showed close similarity to that of the 


previous one. Two diagnostic carbonyl absorptions were 
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85: X,Y=COOCH3; OAc 
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83: Ro =—COOCH3; Ry =—OAC 
84: Ro =---COOCH3;Ry=--OAc 
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also observed at 1740 and 1715 cm + for the esters and 
the a,®-unsaturated cyclopentenone. In the ly nmr 
Spectrum the acetoxy and carbomethoxy methyl singlets 
appeared at 1.86 and 3.56 respectively, while the 
two olefinic protons resonated at § 6.24 (qa-proton) and 
7.18 (8-proton) both as a doublet of doublets. Al-= 
though in the mass spectrum neither of these compounds 
showed a parent peak, their elemental analyses were 
both in agreement with a molecular composition of 
C1481 6°5 as ®required@for 85. eAlthough#the minor 
component could not be isolated in pure form, its gross 
structure*+could also be deduced’ to be 85 as the ae 
nnye@spectrum™of the mixture (vide supra) showed a 
third set of signals consisting of two methyl singlets 
for the acetoxy and carbomethoxy groups as well as 
two doublets of doublets diagnostic for conjugated 
enone protons. The fact that the mixture as a whole 
analyzed satisfactorily for C3441 695 was also in support 
SOfareseystrouctural “assignments 

In principle, the described reaction sequence 
could lead to a total of four isomeric compounds 86a, 
86b, 87a and 87b (trans fuslonot bicyclo(s.25 0) heptane 
is sterically forbidden) differing from each other in 
either orientation (head-to-tail or head-to-head with 
respect to the ketone carbonyl and the acetoxy group) 


or stereochemistry (syn or anti regarding the two 
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cyclopentane rings) or both. Although it was highly 
desirable to pin down the exact structure of the three 
compounds obtained, in particular, the relative 
Orientation of their functionalities, the information 
available at this stage did not allow us to make un- 
ambiguous assignments. The situation was completely 
clarified only when further synthetic steps were under- 
taken. To facilitate the discussion, however, the 
structures so concluded, i.e. 86a, 87a, and S/ Der Or 
the major, the second major and the minor isomers 
respectively are used. 

Preatment, of 86a at 0°C withva complex prepared 
from methylmagnesium bromide and cuprous iodide 
(69) effected the conjugate addition of a methyl 
GLOUpe COTO LVemketone lds in 564 yield. | the struceure 
Ofeesecould be readily deduced from 1ts spectral data. 
The ir spectrum showed a broad and intense absorption 
band at 1745 cm + for the esters and cyclopentanone 
carbonyls as well as the complete absence of the con- 
jugated enone absorption at 1715 ave previously 
observed for its precursor. In the Oe nmr spectrum 
a doublet at 6 1.07 for the newly introduced methyl 
group and two singlets at 6 1.98 and 3.60 respectively 


for the acetoxy and the carbomethoxy methyls were 


observed. A molecular ion peak was recorded at 280.1310 


in the mass spectrum in agreement with the required 
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LOrMULamwo L Cy 5H 5905 > The 1,4-addition reaction was found 
to proceed with complete stereoselectivity. No de- 
tectable amount of the epimeric compound was obtained. 
Although the mechanism of conjugate addition of "ate" 
complexes to enones remains to be ascertained, a large 
number of examples (70) studied indicated that, when- 
ever applicable, the reaction occurs from the sterically 
less hindered side of the molecule. Based on these 
observations, the stereochemistry of the newly intro- 
duced chiral center in 88 could be depicted as a re- 
sult of the expected preferential attack of the 

reagent trom the vertex face of 86a. 

At this point, ketone 88 was subjected to ring 
cleavage reaction in an attempt to ascertain the re- 
lative orientation of its functionalities which was of 
crucial importance to the present work. Treatment 
of 88 with 4 N aqueous sodium hydroxide in methanol at 
reflux for 24 h followed by esterification of the 
resulting keto acid 89 with potassium carbonate and 
methyl iodide in acetone (67) gave rise to the 
crystalline diketone 90, mp 128-129°C, in 72% yield. 
The structural assignment” was in full agreement with 
the following spectral data. The ir spectrum displayed 


absorption bands at 1740 (cyclopentanone and ester) 


> tts stereochemistry remains to be determined. 


ands e710 aire (cycloheptanone). Furthermore, the com- 
lete absence of any absorption in the 1600-1700 cm 
region clearly indicated that a 1,3-dicarbonyl system 
was not involved in the molecule. In the ty nmr 
spectrum, a methyl doublet and a carbomethoxy singlet 
appeared at 6 1.08 and 3.72 respectively. The assigned 
structure was further confirmed by the mass spectrum 
which showed a molecular ion peak at 238.1212 in ac- 
cord with the molecular formula C1 34139 - 
The ring-opening to give a 1,4-diketone 90 rather 
Ehateya ip-d1ketones 9] iore aldione 92 "by “awe ebro—aidor 
process), which would have been formed should the 
locations of the acetoxy and carbomethoxy grops in 
the starting material be reversed, clearly indicated 
thes position af) the) functionalitiesiin 88vasiwellyas 
Pieseme iit Sworecursorseccpand: SGabasmdepictedam | These 
structural assignments were further substantiated 
when 88 was reduced with sodium borohydride at 0°C in 
methanol. Two products were obtained. The major one 
isolated in 67% yield was readily identified as lactone 
93, mp 135-136°C, showing in its ir spectrum the 
characteristic Y-lactone absorption at 1765 emt and 
an acetoxy band at 1738 em bs The 1 nmr spectrum 
dienlavedeasdoubletecfadoublets at, 694.297 @duesto.tune 


methine proton adjacent to the lactone oxygen atom. 


The structure of the minor product 94 (25% yield; 
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Single isomer; mp 143-145°C) was also evident from 
its spectral properties. Its ir spectrum exhibited 
absorption bands at 3600 and 3450 on for ethes hydroxy 
Casas Awa) Me aes tae Saeee en tee EEO. TEE 
its ly nmr spectrum, in addition to a methyl doublet 
at 6 1.00 and an acetoxy singlet at § 2.04, two low- 
field signals were also observed; the singlet at 
6 5.40 could be readily attributed to the methine pro- 
ton adjacent to the hydroxy group and the doublet of 
doublets at 6 4.80 to the hydrogen atom on the other 
carbon bearing the ether linkage. The two compounds 
were apparently formed by preferential hydride attack 
Evomethe sterically sless hindered side.of S880ro1 lowed 
by Lactonization.and, partial, reduction of, theslactone 
Gincg.chous eon (Scheme IV). In addition to con- 
firming the previous structural assignments, the 
Lsolasion .ot093 and.94 further andicatedwan ,anta. 
relationship for the two five-membered rings present 
im. s(consequently, those, in,.the precursors) since the 
lactone icing, Lommation ws mot. sterically teasibles for 
the corresponding syn isomer. 

Having the structure of 88 fully established, it 


was desirable to remove its ketone carbonyl at this 


6 


borohydride are uncommon, several examples are known. 


For a leading reference, see ref. 71. 


Although reductions of esters and lactones with sodium 
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stage while the skeleton was rigid in order to pre- 

serve the elaborated cis relationship between the methyl 

group and the ring juncture hydrogen atom & to the 

ketone required for kessane (9) Synthesis. Treatment 

of 88 with 1,2-ethanedithiol in the presence of boron 

trifluoride etherate afforded an 84% yield of the cor- 

responding thioketal 95 which showed a diagnostic 

absorption band at 1735 on in the ir spectrum for 

the two ester carbonyls. The presence of a thioketal 

group was verified by the ly nmr spectrum which dis- 

played a four-proton multiplet centered at §6 3.20. A 

molecular ion peak at 356.1117 in the mass spectrum 

was in agreement with the required formula of Cj) 7499459: 
While enone 86a was subjected to the foregoing 

investigation, the structure of 87a was also being 

examined. These findings are now needed to be dis- 

cussed. Under conditions similar to those used in 

the transformation of 86a+88, the reaction of 87a 

with methylmagnesium bromide-cuprous iodide complex 

gave rise to a 53% yield of a single isomer 96 as a 

result of the expected exclusive addition of the reagent 

from the exo side of the cyclopentenone ring. The 

ir and aif nmr spectra of 96 were found to be similar 

to those of 88. Subsequent treatment of 96 with 1,2- 

ethanedithiol and boron trifluoride etherate resulted 


in the formation of a mixture of three compounds. One 
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of which was readily identified as the corresponding 
thioketal 97 where ir and mass spectra were shown to 
begsimtlar toithose|of195. In the 1h nmr spectrum, two 
methyl singlets at 6 1.98 (acetoxy) and 3.57 (carbo- 
methoxy), a methyl doublet at 6 1.19 and a four-proton 
Singlet at 6 3.14 for the thioketal methylenes were 
observed. The other two compounds were found to be 
ring cleavage products, possessing structures 98 and 99 
respectively. The We nmr spectrum of 99 displayed a 
methyl doublet at 6 1.16 and a carbomethoxy singlet 

at 6 3.20 but the absence of any acetoxy signal. [In 
the same spectrum, an eight~-proton singlet was also 
observed at 6 3.68 strongly suggesting that two thio- 
ketal groups were present. The presence of an ester 
group was confirmed by the ir spectrum which showed an 
absorption band at 1725 Cig weAEUEthermore Maks 
molecular composition of C3 7H5 6954 was in accord with 
the mass spectrum showing an molecular ion peak at 
390.0805. Compound 98 showed, in the ir spectrum, 
ineadaitionstosan ester carbonyl bandsat 14/25 ene an 
intense absorption at 1750 cma Secs. EO tara. 
five-membered ring ketone. In the he nmr spectrum, 

a methyl doublet, a thioketal singlet and a 


carbomethoxy singlet were observed at 6 0.93, 3.20 and 


3.60 respectively, however the methyl signal corresponding 


to an acetoxy group was again absent. This information 
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allowed its partial structural assignment with only 
the location of the thioketal group uncertain. This 
aspect was readily clarified by the mass spectrum 
which showed, other than the required molecular ion 
peak at 314.1002, a base peak at 173.0454 corresponding 
to an ion fragment of CoH, 35> of which the structure 
of 100 was most probable. The structure of 98 was 
further confirmed by hydrolysis with mercuric chloride 
in aqueous acetonitrile to give dione 101 whose ir 

and ly nmr spectra were in accord with the depicted 
structure. The mass spectrum displayed molecular 

ion peak at 238.12099 and a base peak at m/e 142 


corresponding to Cc attributed to fragment 102 


Paes 
by a Mclafferty fragmentation (72). In addition, a 
peak at m/e 97 most likely due to fragment 103 was 

in support of the assigned location of the thioketal 
group in the immediate precursor. Plausible frag- 
mentation pathways are depicted in Scheme VI. Al- 
though rather unexpected, the formation of 98 and 99 
could be rationalized by invoking an acid catalyzed 
retro-aldol reaction followed by thioketalization of 
the dione intermediate (Scheme V). More importantly, 
the conversion of 96 into these two compounds clearly 
indicated the relative orientation of its functional 
groups as formulated and this formulation could be 


logically extended to the precursors 83 and 87a. Re- 
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garding the stereochemistry of these compounds, no 
solid evidence has thus far been obtained. The anti 
arrangement was tentatively assigned on the basis of 
the known preferential formation’ of the anti isomer 
when two cyclopentane molecules were fused photochemi- 
cally (65a). An immediate precedent was that, of the 
pair 82 and its syn-isomer possessing the head-to-tail 
Orientation, the former was produced predominantly 
(possibly to an exclusive extent) as reflected in the 
isolation of 86a as the major product upon elimination. 
Thus, the predominence of the anti-isomer in the head- 
to-head pair 83. and 84 could be assumed. 

The structural elucidation was rather demanding 
at the early stage of the present studies. The synthe- 


sis of the desired tricyclic intermediate was in fact 


Simple: s only tour steps, (photocycloaddition,.elimination, 


1,4-addition and thioketalization) were required and 
95 was obtained in satisfactory yield with good control 
of stereochemistry. Its large scale preparation was 
furthers tacilitated by the fact. that .the separation: of 
the mixture 86a, 87a and 87b, which was only partially 
successful and laborious as noted previously, was un- 
necessary. Thus, when the mixture was subjected to the 
treatment with methylmagnesium bromide-cuprous iodide 

a 65% yield of a mixture of 88, 96 and a third compound 


was obtained. The latter compound was apparently 
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derived from 87b and to which the structure 104 (the 
Orientation of the functional groups in both 87b and 
104 remained to be determined at this stage) could be 
assigned. It was evident from the ly nmr spectrum 

of the mixture that, in addition to the Signals cor- 
respoudingetogs8eand 96, ajmethy adoublet@(.G5ls!2)j.an 
acetoxy singlet (6 1.98) and a carbomethoxy singlet 

(6 3.66) were observed. The ly nmr spectrum further 
indicated the ratio of SOs? Grands LOAgwasecan e225 2. 
Similar to that of the starting enone. The mixture 
(homogeneous on tlc) without separation was subsequently 
Pocabequwtthiml,2-ethanedithioleandsboronmser_finoride 
etherate. A total of five compounds were obtained, 
four of them were conveniently separated and were 
LOuUndmeOubpem identical mvespectrvelyewilthelo (40d euyte.d)), 


Simla om S2) sands Ie is) eethe fifth component 


was not obtained in pure form but along with 95 as a 

ca. 1:1 mixture (6%). The new compound was obviously 
Them synetsomer OL serther, 95eo0rgJ/eas the =H nmr spec- 
trum of the mixture showed two sets of signals; one of 
which corresponded to 95 and the other contained a 
methyledoublet at 6°1.19,sand.three.signilets at) 4)1.91 
(acetoxy), 3.28 (thioketal), and 3.62 (carbomethoxy). 
Its chemical correlation with 97 in a later stage (see 
footnote 7 on page 53) revealed its structure of 105 and 


further ascertain those of its precursors as formulated. 
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Having asSigned the structure of the desired tricyclic 
compound 95 and secured its preparation in large quan- 
tity, our immediate concern was to generate the seven- 
membered ring. It was noted earlier that in order to 
facilitate the formation of a bridged ether linkage 
required for kessane (9), an adequate oxidation level 
of the carbon presently bearing the carbomethoxy group 
was highly desirable. An exceedingly attractive 
scheme called for the transformation of 106 + 107 using 
aecLODeeragmentat2On= (75). 1iis process would not 
only provide simultaneously the hydroazulene system 
and a desirable oxidation level for the carbon in 
question, but also simplified the necessary modification 
of the carbomethoxy group into a methyl. Toward this 
enowctnioketale9 Sewasmheated vate reftux with t2chium 
amumninuuenydrnide:inetetranyvydroruran.. | ine a1ole1 06 
thus obtained in 69% yield showed in the ir spectrum 
a hydroxy absoprtion band at 3480 Gnaseandlinetne=-n 
nmr spectrum a methyl doublet at 6 1.22 and two singlets 
at 6 3.12 and 3.70 for the thioketal methylenes and 
methylene protons a to the hydroxyl group. Attempted 
monotosylation of 106 with one equivalent of p-toluene- 
sulfonyl chloride’ in pyridine either at 0°C or at room 
temperature resulted in complete recovery of the start- 
ing material. When the reaction mixture was refluxed, 


however, a new alcohol was obtained in 58% yield as 
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the sole product, and the following spectroscopic 
analysis revealed its structure of 108 possessing a 
novel ring system. The ir spectrum displayed an absorp- 
tronsbandrat 3500 cm + indicating the presence of 
aenvyaroxyigGroup. = Eneene INE nmr spectrum, a four-pro- 
LOngiueEerp let centeredmat 09265 and) a two-proton 
Singlet at 6 2.70 were observed for the methylene hy- 
drogen atoms adjacent to the sulfur atoms. A methyl 
doubletwat.6s0.90 -andwanother doubletoatw6 5.78 vattri— 
buted to the olefinic proton were also recorded. A 
molecular ion peak at 256 in the mass spectrum was in 
agreement with the depicted structure. The involvement 
of a monotosylate species in the formation of 108 was 
apparent. The exclusive participation of a sulfur 
atom leading to 108 through hypothetical steps shown 
in Scheme VII, was undoubtedly due to the close proxi- 
mity of this atom and the carbon bearing a leaving 
GLOUpeerNGI TreCtUlLy a 1tem1 Guts bead lUSO™s pace LyeClcm tOmthie 
fact that the expected Grob fragmentation was suppressed 
by the steric congestion of the thioketal and the p- 
toluenesulfonoxy group which disfavored the latter to 
adopt a conformation anti-periplanar to bond a required 
foresucimasOLOCeSS. 

A remedy to circumvent the encountered difficulties 
was obviously the removal of the thioketal moiety in 


advance. Reduction of 106 with Raney-nickel was, how- 
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ever, equally unsuccessful. The crystalline product, 
mp 71-72°C, obtained in 76% yield was found to be not 
the anticipated diol 109 but hydroxy ether 110 which 


showed hydroxy (3480 cm) and ether (1110 cm 2) 


absorption bands in the ir spectrum. In the ne nmr 
Spectrum, two doublets at )6 3.226 and 3.67) could be 
attributed to the methylene protons of the ether ring 
and ya doublet of doublets at 6 4.25 to the methine 
proton adjacent to the oxygen atom. Mechanistically, 
the formation of 110 is far from clear. The pathway 
depicted in Scheme VIII serves merely as a convenient 
explanation. 

AS a consequence of the above findings, cur atten- 
tion) was sturned te_the desulfurization of 95. Its 
reaction with W-2 Ra-Ni in refluxing ethanol gave 62% 
Vleldsorethe desired esterel limschowing ine thes specs 
trum a diagnostic’ absorptions bandstor the ester-— 
Caroonvis at 1735 cm. Tiweces 1h nmr spectrum, the 
resonance due to the thioketal protons was absent and a 
methyl doublet at 0.92 and two singlets at 6 3.54 and 
io oeLOuethne Carbomethoxy and thesaceCOxy Groupssres= 
pectively were observed. Although the compound did not 
give a molecular ion peak in the mass spectrum, its 
composition was consistent with the elemental analysis. 
Two by-products 112 and 113 were also obtained (30% 


yield) as a mixture in ca. 1:1 ratio. Their structures 
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were deduced on the basis of the following spectral 
data. The mixture displayed in the ir spectrum two 
Carbonyl, absorptions at 1735 and 1710 env indicative 
of the presence of a saturated ester and an a, s-unsatu-— 
Paredsester. In the SH nmr spectrum, a methyl doublet 
(onO 9) a carbomethoxy singlet (6 3.54) ‘and another 
carbomethoxy singlet (§ 3.60) were integrated to a 
ratio of 2:1:1 and the resonance corresponding to an 
acetoxy methyl was not observed. Two equally intense 
molecular ion peaks at 208 and 210 in the mass spectrum 
further substantiated the structural assignments. 
Mechanistically, their formation could be rationalized 
as shown in Scheme IX by generating a free radical in- 
termediate followed by the collapse of such a species 
involving the ejection of an acetoxy radical. Although 
details of the mechanism remain to be ascertained, one 
important aspect was clear: the by-products must be 
formed at the expense of the desired ester lll. A 
number of attempts were made to suppress their formation 
using different grades of Ra=Ni, temperature; and™sol— 
vents but no complete success has so far been achieved. 
Lithium aluminum hydride reduction of lll proceeded 
smoothly to give a near-quantitative yield of crystal- 
iene sitOl 109, mp 86-87°C, the hydroxy absorption 
appeared in the ir spectrum at 3500 Sie The la nmr 


Spectrum displayed a methyl doublet at 6 0.86 and 
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two one-proton doublet of doublets at 6§ 3.44 and 3.86 
for the hydrogen atoms gq to the hydroxy group. “The 
chemical nonequivalence of these two germinal protons 
could be a result of intramolecular hydrogen-bonding 

of the hydroxy groups, which was also suggested by the 
ir spectrum. In the mass spectrum a molecular ion 
peak was not recorded due to its ease of losing a water 
molecule to give a fragment of m/e 178 which was found 
to be the base peak. 

A 1,3-glycol cleavage was subsequently carried out 
on 109 for the generation of the required hydroazulene 
sketcton. = Dr0l l09 was treated with) p-toluenesulfony! 
chloride in pyridine at room temperature for 18 h. 
Under these conditions, it afforded an 83% yield of 
LheekeLOPOLeti ne | lay Mp o2>o4.C, asec Lecult OL cons 


7 


comitant tosylate formation and fragmentation. The ir 


‘ Under similar conditions to those used for the trans- 
formations 9571 11>109>114, desulfurization of 97 with 
Ra-Ni followed by lithium aluminum hydride reduction of 
the resulting ester 115 gave rise to diol 116 which on 
treatment with p-toluenesulfonyl chloride in pyridine 
underwent fragmentation to give the isomeric keto olefin 
117. When the same reaction sequence was applied to the 
Mix cCurenor 395, and «105 obtained previously, keto olefin 
114 and 117 were obtained. These findings strongly sug- 
gested a diastereomeric relationship of 97 and 105 and 


the structure of the latter as such. 
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spectrum of 114 showed absorption bands at 1710 (ketone), 
3090, 1645 and 900 cm (carbon-carbon double bond). In 
the ly nmr spectrum, a methyl doublet at § 0.96 and two 
doublets for the olefinic protons at 6 4.76 and 4.80 
were consistent with the formulation which was further 
confirmed by the mass spectrum showing a molecular ion 
peak at 178.1358. The sharp spectral peaks and its 
observed homogeneity in tlc coupled with the narrow 
melting range were suggestive of a single stereo- 

isomer of 114. Since complete epimerization of the 
chiral center a to the ketone was highly unlikely under 
the mild conditions used, a cis ring juncture could be 
asSigned. Experimentally, this was proven as follows. 
Fragmentation of-deuterated diol 109a prepared from 

LOS by "deuterium exchangeswas Carried out under themsame 
conditions as before. The product thus obtained was 
shown by mass spectrum to be free of deuterium atom. 
These results strongly suggested that epimerization was 
Hopmnducedsduring the transtormation~ elt follows ’thar 
keto olefin 114 was formed with retention of Che stereo- 
chemistry of the starting material. In fact 114 was 
shown to be thermodynamically more stable than the 
trans-isomer which remains unknown. Attempted epi- 
merization of 114 with sodium methoxide (prepared from 


sodium hydride and methanol) in methanol at reflux did 
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not give rise to any detectable amount of the latter 
isomer. 

The conversion of 114 to kessane skeleton requires 
two major operations: the introduction of an iso- 
propanol substituent to C-7 and the formation of an 
ether ring. The former was achieved by the following 
two synthetic steps. Keto olefin 114 was converted in- 
to keto ester 118 using sodium hydride and dimethyl 
carbonate. The product thus obtained in 93% yield was 
showngpy thevir spectrum [34508 (hydroxy) ,o1/45y 1710 
(estervand ketone); 16009 (enol double bond)% 3095751645 
and 900 em? (double bond)] to exist partially in the 
cOrresponding enol form 118a. The aH nmr displaying 
two methyl doublets at 6 0.97 and 1.05 as well as two 
carbomethoxy singlets at § 4.74 and 4.85 was in support 
of the tautomeric nature as well as the structural 
assignment. Due to the complication arising from the 
rapid tautomerization, the stereochemistry of 118 could 
not be secured with certainty. Subsequent treatment of 
the anion of 118 generated by sodium hydride with excess 
methyllithium (74) resulted in the formation of ketol 
119 in 57% yield. The product exhibited inechiesin 
spectrum an absorption band at 3500 cm | indicative of 
an intramolecularly hydrogen-bonded hydroxy group, 
Characteristic absorption bands were also found for the 


double bond (3100, 1645, 900 cm +), the ketone carbonyl 
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(fe95"cme+) and the gem-dimethyl moiety (1365 and 

1380 ene) In the aye nmr Spectrum, in addition to a 
methy Pedoublet™at 6 1700 and a singlet at 6 4.30" tor 
themtwOrolefinive=protons; tne two methyls of the 
isopropanol group appeared as two singlets at § 1.06 
and 1.11. Their chemical nonequivalence could be 
attributed to a hydrogen-bonding between the hydroxyl 
group and the ketone carbonyl as also suggested by the 
ir spectrum. The mass spectrum displaying a molecular 
Ponepeaktedts256,./7 - was ain tall support of tthe struc— 
LuLemsormulated- “the stereochemistry Of lilo wacede— 
duced on the basis of the following considerations. 

Byese leccel Ve decoupling ;etnesc— lo carbDOnwort ll Jawas 
shown to resonate in the al: nmr spectrum® at 20.4 ppm, 
a downfield shift of 0.6 ppm from 19.8 ppm which was 
observed for the corresponding atom in 114. The observed 
small difference in chemical shifts suggested that the 
conversion of 114 to 119 was not accompanied by a major 
change in geometry, Since a change of cis ring juncture 
COmamiLanspone 1s necessary to bring C-4—-C-—15 aud 
C-5-C-6 bonds into parallel or near parallel and con- 
sequently a large upfield shift of the carbon atom in 


question 1s expected due to y-gauche errect (75). With 


Wels cannaesnectcanof,comeounds $11 4)e Who;pellaslos aon and 


9 are compiled in Fig. 1 for comparison. 
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respect to the stereochemistry of C-7, no spectro- 
Scopic evidence was available to allow its assignment 
without ambiguity. However, since this chiral center 
was generated through a kinetically controlled process, 
i.e. protonation of the intermediate enolate ion right 
before the work-up of the reaction, it could be assigned 
tentatively on the basis of the expected preferential 
attack of acid from the sterically less hindered side. 
Rewducatalyzed. cyclii zations of unsaturated alcohols 
to five- or six-membered ring ethers have been well docu- 
Henne 0) einutiialeertontssmadestoucyoliuze sll Oeusi ng 
trifluoroacetic acid and hydrochloric acid under a 
variety of conditions were fruitless. Equally unsuccess- 
ful was the attempted iodo ether formation (77), using 
iodine and potassium iodide. By means of oxymercuration 
(78), however, the desired cyclization proceeded smooth- 
tyme cous;, brier -Ereatment on ketol ! l9ewi ths two 
equivalent of mercuric acetate in aqueous tetrahydro- 
furan (1:1) at room temperature resulted in the complete 
disappearance of the starting material. The organo- 
mercury product 120 without isolation was reduced immed= 
iately with sodium borohydride. In addition to a 61% 
yield (based on the consumed starting material) of the 
desired keto ether 121, a 34% of starting ketol 119 was 
recovered. The latter aspect is of some theoretical 


interest. Since the oxymercuration process, as noted, 
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resulted in the total consumption of the starting 
material and since variation of reaction conditions 

did not suppress to a large extent its Becovery ,v1t 
appeared that 119 was generated from L20ebye@aneciiminas 
tion reaction promoted by a base (hydride or hydroxide 
ion) during the reduction step. Alternatively, it 

could have been produced by the reduction of a second 
Species such as 122 formed in competition with the 
eyelization duningtoxymercuratione. Theestructuresor the 
desired product 121 could be deduced from its spectral 
data -selnethe trespectrums iteexhibitededtagnostic bands 
at 1705 (ketone), 1095 (ether) ,1370 and 1380 cm + (gem- 
dimethyl) and the absence of hydroxy absorption. [In 

the ly nmr spectrum,;casdoublet at) 6ob705¥and threessing— 
FEtGseatvorlsl0s) Le2ivyands! .s0sweresabservedetorearytotal 
Of E£Our methyls.” In the 136 NnGeespectrum, scheseG-foecarbon 
appeared at 22.0 ppm and again experienced a small down- 
fietdpskrit Lromethatyof@itseprecursorellotsuggesting 
that®the cis ring juncture was intact during the trans-— 
formation. Although the stereochemistry of C-7 and thus 
G=10 could not be fully established at this stage; ten- 
tative assignment could be made based on the following 
considerations: (i) Complete inversion of C-7 was highly 
unlikely under the mild condition used for the transfor- 
mation. (ii) The initial complex formation required 


for the oxymercuration reaction which is known to undergo 
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trans addition (79) was likely to involve, in the 
case of 119, the addition of mercuric acetate to the 
double bond from the same side of the ring juncture 
hydrogen atoms to minimize the steric interactions. 

In order to ascertain the stereochemistry of a2 
it was reduced with lithium aluminum hydride, in near 
quantitative yield, to the corresponding alcohol 28) 
which showed a characteristic hydroxy absorption band 
at Ge 0 em in the ir spectrum and a molecular ion 
peakwat 238.1930 im the mass spectrum., The ly nmr 
Spectrum when taken in deuterochloroform displayed 
elearlvy si neaddrvtions to: threessinglets at ecl. 14) le26 
(Co iGeadosc--4emethyils) sandal. 50 (C—-l 2emethy.)y aa 
denbletwat. 6, 700 .and ya doubletio£, doublet atig 74.12 
due to the C-15 methyl and C-6 proton respectively. 

By selective spin-spin decoupling, the chemical shifts 
Oimaneethrecuprotons, On sC-4. "hs 2.35. )yeC—> 90) 92) mandy 
(1.92) were confirmed. On the other hand the le nmr 
Spectrum when recorded in pyridine-d, exhibited three 
meth vlEstnglets ato .26, 1.33) (C—-13 vandgC-—l4imetnyl)s, 
Sndmis oc 12), "a c-15 methyl doublet at Gl. 0/mandva 
doubplec orsdoublets at 6 4.738 for the C-—6 proton. | The 
protons on C-4, C-5, and C-7 were shown to resonate at 
6 2.80, 2.00 and 2.00 respectively again using spin- 


spin decoupling technique. An examination of Table I 


which summarizes these Te mmr spectral data reveals that 
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Table 1. Pyridine-induced Chemical Shifts (8) in Alcohol 123 


12g: 
Proton Pyridine-d, CDCl, obey meeper, eEEW 
c-4 2.80 ae 0.49 
C-5 2.00 1.92 0.08 
ea6 4.38 Ae 0.28 
C-7 2.00 1.92 0.08 
eaik 1.07 1.00 0.07 
ea) 1.88 150 0.38 
C-13 or C-14 coy ay Glecisa) Ma 4 Ua! 0-12) (019) 
C-14 or C-13 Tees aL6) eG on wasn? 


The Figure in parenthesis indicates the possible alter- 
native value. 
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when the solvent was changed from deuterochloroform to 
pyridine-d,, the C-4 proton and the C-12 methyl ex- 
periencedia dargeidowntiel dishiftvofe 0k49nand Ones 
respectively whereas the signals corresponding to 
Protons) one C-—S57Ca/iand, C-15 remainedayvirtuallysun-— 
changed (< 0.08 ppm shift). The observed pyridine- 
induced chemical shifts required the ether bridge and 
Ebene Ashydeogentatomebemingclosesproximityaito «the 
hydroxy group and that the C-15 methyl and the C-5 
ade tay protonebes da stants froma tes 0) <andsthusethe 
S(erecechemistry Of 2emas depicted: 

To complete the synthesis of a C-5 epimer of 
Ressanemw) mi te cecqut redathe removals oteeither. theacar— 
bonyig@trom ketotether g@2leorethe hydroxy w;roup; from 
iv3e ithe, formerypossibilityswas first. exploredgbut 
provens toy besfimuitiiess, WReductionyofad 2kustngsWwolti— 
Kishner reaction and Clemmenson reduction resulted in 
recovery of the starting material. The same result was 
obtained when 121 was subjected to thioketalization with 
ie 2-ethanedithiole andy boronstrifluoride: etheratesunder 
normal conditions when the more forceful conditions 
(higher concentration of the acid and higher temperature) 
were applied, a complex mixture was formed. The dif- 
ficulties encountered were apparently due to the steric 
congestion of the ketone carbonyl as well as the instab- 


ility of the ether linkage towards acid. 
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Alternatively, alcohol 123 was subjected to in- 
vestigation for the removal of its hydroxy group. 
Toward this and, initial efforts were made to convert 
it into a mesylate or a halide both of which have been 
Shown by Masamune et al. (81) to be easily reducible 
using metal hydride-copper(I) complexes. Treatment of 
123 with methansulfonyl chloride in pyridine gave, in- 
stead of the corresponding mesylate, a mixture of de- 
hydrokessane (80) and A> -dehydrokessane CS) pang 2% 
and 25% yield respectively as a result of dehydration 
(presumably via mesylate) and partial isomerization. 
The structures of these two products were evident from 
the following spectral data. The major isomer 80 
showed, in the ly nmr spectrum, the C-15 methyl doublet 
ameoml.O04, a methyl sitnglet at 0291 attributed to the 
C-12 methyl group which lies within the shielding zone 
of the double bond as revealed by Drieding model, a 
Six-proton singlet for the remaining methyls, and the 
absence of signal for a vinylic proton. Although, a 
molecular ion peak was not observed in the mass spec- 
trum, a base peak at m/e 205.1519 corresponding to the 
loss of a methyl group was in support of the structural 
assignment. In contrast to 80 the minor isomer 81 
showed, in the ly nmr spectrum, a doublet at 6 5.66 for 
an Olefinic proton. Three methyl singlets at 6 1.12, 


else eoobandsa doubletsateo 1. 03mfor Colosmethyis group 
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were also observed. In the mass spectrum, a molecular 
ion peak at 220.1824 was in full accord with the re- 
quired molecular formula of Cy 5H540- Treatment of 
alcohol 123 with thionyl chloride in benzene in an 
attempt to prepare the corresponding chloride, also 
eesubtedgan dehydrationgand;eingthis cases conplete 
migration of the double bond to give a 69% of dehydro- 
kessane (80). Although the anticipated products were 
not formed, the above reactions completed the synthesis 
of two hitherto unknown dehydro-derivatives of kessane 
(9). A third method which also effected the dehydra- 
EVOngot m2 Sawasethe useronspnosphoryiech tonide sinepyri— 
dine. This procedure was found to give also exclusively 
@ehydrokessanee (80) butern ca slightly ebettertyteldvot 
U3 Be 

It has been shown recently by Ireland and coworkers 


(82) that the replacement of a hydroxy group with a 


hydrogen atom could be effected by reacting the alcoholate 


anion with N,N,N',N'-tetramethyldiamidophosphorochlori- 
date followed by treatment of the resulting N,N,N',N'- 
tetramethylphosphorodiamidate derivative with lithium- 
ethylamine. The possible use of this reductive deoxy- 
genation method was investigated. Apparently due to 
the steric congestion of the hydroxyl group, 123 was 
found to be completely unreactive toward N,N,N',N'- 


tetramethyldiamidophosphorochloridate. Under both the 
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reported and modified conditions, the starting material 
was recovered intact. Further studies using more re- 
active N,N-dimethylphosphoramidic dichloride (83) were, 
however, shown to be promising. In contrast to its 
lackvofereactivity toward N,N,N',N'-tetramethyldiamido- 
phosphorochloridate, the anion of 123 generated by is 
butyllithium reacted smoothly with N,N-dimethylphos- 
phoramidic dichloride in 1,2-dimethoxyethane and N,N,- 
N',N'-tetramethylethylenediamine at room temperature. 
The phosphorylation was found to be complete within 

16 h. The resulting monochloride 124, which was shown 
by@tle to bes the soles product, was. conveniently* con- 
verted Coe thes desiredgn, NN; Ni, Ne-tetramethy lphosphore> 
dicnirdater i Zoeby.addatzonsef dimethylamines prior | tomEne 
work-up of the reaction.” The material was virtually 
free of impurities and a rapid column chromatography 
afforded a 95% yield of 125 which exhibited in the /H 
nme asbectrum, sardoublLetweathd 1:0 2a(Col Samethyd)yethres 
methy mesingletseatudal.d6gm* 284 (C-l36ande Col 4gmethnyis) 


and 1.50 (C-12 methyl), and a twelve-proton doublet at 


2 This method has since been found to be general for 


the preparation of N,N,N',N'-tetramethylphosphorodiamidate 
derivatives of alcohols (84) and should prove especially 
useful for those alcohols in which the hydroxyl group is 


highly hindered. 
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2.66 for the four methyls on the nitrogen atoms. In 
the mass spectrum, a molecular ion peak appeared at 
57 2A Serequired. 

Although the steric crowding of the hydroxyl group 
in 123 caused some initial difficulties for its con- 
version to N,N,N',N'-tetramethylphosphorodiamidate 
derivative and eventually lead to the development of the 
above procedure, the reductive cleavage of the C-O 
bond was uneffected by such a factor. Upon treatment 
with lithium in ethylamine, 125 underwent the reaction 
clearly to give a 79% yield of 5-epikessane (79) eee rele 
though it was indistinguishable from natural kessane 
(2)>in tie, 5-epikessane (79) was found to be markedly 
dvErerent@yrtrom Osan spectral properties, particularly, 


the chemical shifts of the methyl groups in the as 


nmr spectra. Their 13, aie! te ae nmr spectra are to 
bewecouncetn fra. |!) for compartsory. 


In principle,) following the reaction Sequence 


described |for its transformation to 5-epikessane (79)/, 


me Teevsenoteda that, in the 13, nmy Spectra, the C-—15 
carbon of epikessane (79) appeared at 23.1 ppm, whereas 
the corresponding carbon of kessane (9) was observed at 
a higher field at 18.6 ppm in agreement with the argu- 


metn used for assigning cis stereochemistry to the ring 


junctures of several precursor of 19 (vides supra. 
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Fig. 4. Noise-decoupled Woe nmr spectrum (CDC13) of 
kessane Co is 
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Fig. 5. Noise-decoupled 13, nmr spectrum (CDC1 3) Gio = 
epikessane (79). 
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ketone 121 could also be converted to the naturally 
Occurring kessane (9) after epimerization at C-5. The 
following efforts made toward this direction, however, 
were not rewarding and the required epimerization 

has yet to be accomplished. Treatment of 121,with 
sodium methoxide in methanol at reflux for 24 h gave 

no detectable amount of the C-5 epimer of 2 le buiere= 
cOverveOt thesstarting material a.TO. contirmy thatthe 
conditions were sufficient for proton exchange, the re- 
action was repeated using methanol-d, as a solvent. 

The product thus obtained was mainly monodeuterated 
ketone 126 and the deuterium incorporation was shown 

to be approximately 98% by its mass spectrum. That the 
position of deuteration occurred specifically at C-5 


ly Nitto Wich es nat Ou 


was revealed by a comparison of its 
121; the C-5 proton which appeared in the latter spectrum 
ate 6u2.24) ase a, doublet of: doublets, was. absent. | These 
bindings. clearly jindicated that. 121s. by) tamsmore stable 
than its C-5 epimer and thus epimerization could not 

be achieved by a thermodynamically controlled process. 
Attempts epimerization using kinetic control proved 

to be equally unsuccessful, although a different kind 

of problem was involved. Treatment of 121 with a number 
of bases such as sodium amide, sodium hydride, sodium 
methoxide, lithium diisoproylamide in aprotic solvents 


under various condition failed to generate the required 
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enolate ion as evident from the fact that quenching 
tie@reacrion mixture: with D50 did not result in dueter- 
ium incorporation. 

Since standard methods could not effect the epimeriza- 
tion, indirect chemical means were studied. The conver- 
sron got)? ato Umcould bevrealwazedeby tehemintroductuon 
of a halogen atom (or alike) to C-5 followed by re- 
ductive cleavage of the carbon-halogen bond with stereo- 
Chemical control after reducing or removing the ketone 
carbonyl (to prevent further epimerization at C-5). 

When ketone 121 was subjected to the treatment of pyri- 
dinium bromide perbromide in glacial acetic acid, it 
underwent bromination cleanly to give bromoketone 127 
in 96% yield. A-cis relationship between the bromine 
and the C-15 methyl was indicated by the ly nmr spec- 
trum inawhich ithe latter ‘group appearediiat 6=1.37, aud. 32 
Dppinsdowntile!l deshititromi LO 5sObsexrved jfonrethne cor— 
responding group of the precursor, whereas other 

methyl signals remained virtually unchanged from those 
in ly nmr spectrum of 121. Subsequent reduction of 127 
with lithium aluminum hydride afforded, instead of the 
desired bromohydrin 128, ketone 121 and alcohol 123 

in 35% and 40% yield respectively. Interestingly, the 
isolation of 121 was shown to be independent of the 
length of reaction time or the amount of the reagent 


used. Accordingly, the ketone was not formed during the 
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reaction and probably not responsible for the alcohol 
formation. As shown in Scheme X, a reasonable explana- 
tion could involve the debromination of 127 to generate 
an enolate ion which could either react immediately 
with the hydrogen bromide so generated to give ketone 
121 which was further reduced to 2OeOcCesULVivomN Dante 
of the hydrogen bromide molecules formed were un- 
doubtedly destroyed by lithium aluminum hydride) until 
the work-up to give 121. Should this proposal be valid, 
quenching the reaction mixture with deuterium oxide 
shouldmiead co deuterated ketones 126 and) nov deutersum 
Incorporation anto; the carbon atoms of 128. 3This turned 
out to be true and the ketone thus obtained had a 
deuterium incorporation of 73% by the mass spectrum. 
Bigacutteiron, to. the understanding Of the nature of, tne 
reaction, this experiment was particularly worthy for 
bia provided an Opportunity to determine whether 
the formation of 121 from its enolate ion was also 
favored by kinetical control. Other reducang agents 
were also used in attempts to convert 127 into 128. 
While sodium borohydride and diborane were found unre- 
active, the use of lithium borohydride and aluminum 
hydride afforded almost exclusively the alcohol 123. 

The fact that 127 underwent reaction with re- 
ducing agents abnormally could be due to: (i) the large 


bromine atom poses addition shielding effect to the 
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already sterically congested ketone CaLroony laerOreits 
direct reduction and (ii) the C-Br bond is not strong 
enough to survive hydride attack. A remedy to 

these likely shortcomings could be the use of a smaller 
chlorine atom which also forms a stronger bond with 
Cardon. ACCOrdingly, Ketone 121 was treated with sulfuryl 
chloride at room temperature, although slow (two days), 
the reaction gave a quantitative yield of the desired 
chioride 129. The orientation of the chiorine atom could 
be assigned again on the basis of the ly nmr spectrum. 
Disappointingly, the reduction of 129 using lithium 
aluminum hydride,lithium borohydride and aluminum hy- 
dnidesgavearise, without, any exception co alconole 23) 

in, good yield. 

As a consequence of the negative findings on the 
epimerization of 121, an alternative route possibly 
leading to kessane (9) was investigated using keto ester 
118 as a starting point. It was felt that the observed 
Scab uultyeGred Cis ering sJUunClUres Orga ll acneshy aloe 
azulene derivatives so far obtained in this series 
might have been, in part, due to the relief of consider- 
able steric strain between the methyl group on the five- 
membered ring and the oxygen atom of the ketone carbonyl. 
Under these considerations, it was desirable to remove 
the ketone carbonyl at the stage of 118 and to use its 


ester group to control (through a double bond) the 
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stereochemistry at C-5. Thus, sketonester Ligawas res 
duced with sodium borohydride at 0°C in methanol to 

give two inseparable diastereomers of hydroxy ester 

130 whose ir spectrum displayed diagnostic absorption 
gandaea wo 5) Odcmeebandela/20mcnmuetonsthabh dro. Mea vome 
andmthe estenicarbonyl respectively aeein the ms nmr 
spectrum, the proton neighboring to the hydroxyl group 
was found at 6 4.10 as a multiplet and the olefinic 
prOLOnS @appearedsat o8 45:8 3eand 449484 Gas atwo singlets. 
Furthermore two methyl doublets at 6-1.04 and 1.06 as 
well as two singlets at 6 3.68 and 3.69 for the carbo- 
methoxy group were indicative of the presence of two 
dtastereomers 2 | yAcety lationsof the ihydroxytesternal30: 

with acetic anhydride in pyridine gave an 81% yield 

Of EChescorrespgndingsacetates (131 sj when 13 .was heated 
with sodium hydride in 1,2-dimethoxyethane in the presence 
OfsarsmahMeamount oftt—amy Weal cchol tatere flux? fiom 6) hy 
the a; f-unsaturated ester 132iwas obtained as a single 
isomer in 190% «yields eclhesproduct’ showed, “inv the) ir 
spectrum, an absorption band at 1710 cies characteris-— 
tic for the o,®-unsaturated ester carbonyl. In its 

ly nmr spectrum, a doublet due to the vinylic proton 8 
to the ester appeared at 6 6.78 while a methyl doublet, 
a carbomethoxy singlet and a singlet for the remaining 
olefinic protons were found at 6 1.07, 3.70 and 4.72 


respectively. The required molecular composition was 
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confirmed by the Ae spectrum showing a molecular ion 
peak at 220.1459. Although the structure of ao lecoutd 
be readily deduced based from the spvectral data, its 
stereochemistry at C-5 could not: be assigned at this 
Stage. The cis ring juncture was suggested by its sub- 
sequent transformation to 5-epikessane iO) ender 
conditions unlikely to effect a complete epimerization 
at C—O ey oubsequentereductionvof, 132.with: dithium in 
liquid ammonia gave rise to a 37% yield of ester 133 
whose ester carbonyl absorption appeared at 1735 an 
iNmenee iia spectrum... in the ne nmr .»spectrum, the, olefinic 
protons resonated at 6 4.70 as a singlet, while the 
carbomethoxy singlet and the methyl doublet appeared 
at 6 3.60 and 1.01 respectively. The same ester could 
also be prepared by a more efficient route described 
‘below. 

Treatment of keto ester 118 with sodium hydride and 
chloromethyl methyl ether in hexamethylphosphoramide 
gave the corresponding enol ether 134 in 92% yield. 
Ttaexbubited ~inetherir Spectrum, absorptions bands, at 
TOS a aounsaturateduester),,.3090,1640eandao00, cmp = 
(double bonds). In addition to a methyl doublet at 
Gl sieeondeas Carbomethoxyasingletedtenss.625the Ne nmr 
spectrum showed two one-proton singlets for the olefin 
protons at 6 4.72 and 4.77 and two additional Singlets 
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protons of the enol ether unit. Although enol ether 134 
of analytical purity could be obtained by a rapid column 
chromatography on alumina, the crude Seeatee was found 
to be sufficiently pure for the subsequent reduction 
with lithium-ammonia (85). The product thus obtained 
(41% yield from 118) was shown to be identical in all 
Bespectoewitisester e353. 

Treatment of 133 with excess methyllithium resulted 
Pe coe formation, Of di conolgiso in 902) yield... sThesic 
spectrum Of 155 exhibited? sineaddition te a strong 
absorption at 3610 ae for the hydroxyl group, icwo 
characteristic bands at 1368 and 1380 cm~ for the gem- 
dimethyl. In the ae nmr spectrum, a Six-proton singlet 
appeared at 6 1.12 due to the gem-dimethyl. When 
alcohol 135 was subjected to oxymercuration (78) with 
mercuric acetate followed by sodium borohydride re- 
duction of the resulting organomercury product, 5-epi- 
kessane (79) was formed in 71% yield. Although this 
route again failed to produce kessane (9), it simple- 
fredethestranstormation Of 118 to S-épikessane (1/9) =by 
one step and constitutes a second total synthesis of 
the latter compound involving a total of eleven steps. 

In parallel to the above investigation, the possi- 
ble extention of the 1,3-glycol cleavage reaction (109 > 
114) to triol 136 was also studied. Not only would such 


an extension allow the preservation of a functionality 
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in the five-membered ring and thus broaden the des- 
cribed method for hydroazulene synthesis, but the desired 
product 137 may find direct use in the synthesis of a- 
kessyl alcohol (138) and a-kessyl ketone (139) (86), two 
naturally occurring compounds closely related to kessane 
Cre Slcto 3 Ges(mp SSO S 51 °C) wasmreadi ly “orepared 

as a Single isomer in 76% yield by lithium aluminum hy- 
dried reduction of ketone Comobtainediain’ thas teasempy 
desulfurization of 95 with mercuric chloride in aqueous 
aceronrerile) . 7 lt tshowed, aneinespectrum, amantense 
hydroxy absorption band at 3400 ante and inszthe la nmr 
spectrum, a methyl doublet at 6 0.87, two doublets in- 
Legqratedstor one *protonseachitat f6eGni24) andm3. 909 forethe 
two protons of the methylene bearing a hydroxy group, 
andsa doublets fitriplets) atec 4932 for ethermethine 
DEGeon Neighbouring ttorthe hydroxy. e) Treatment sot eh36 
with p-toluenesulfonyl chloride in pyridine, under 
similar conditions which effected the 1,3-glycol cleavage 
Of eVOOtto: DIM pegave avsing le productei neo! tieydeld. Dis- 
appointingly, the product was found to be not the desired 
ketone 137, but a tetracyclic ether Pdentical Win all 
respects with 110. The exclusive participation ofthe 
secondary alcohol required its protection prior to the 
ring cleavage. Acetylation of triol 136 with acetic an- 
hydride in pyridine afforded a diacetate 140 (mp 108-109°C) 


in 92% yield.. The ir spectrum of 140 exhibited the 
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characteristic absorption bands at 1730 em + for the 
ester carbonyls and 3600, and 3500 cm ™ for the hydroxy 
aro. on che ty nmr spectrum, a six-proton singlet 
attributed to the two acetoxy groups was found at § 

2.06 while the methine proton adjacent to the acetoxy 
group appeared as a doublet of triplet at 6 5.26 and two 
doublets at §6 4.28 and 4.46 were observed for the two 
protons of the acetoxymethylene. Although the use of 
an acetoxy moiety as a leaving group in Grobe-type 
fragmentation (73) was unprecedented, direct ring 
cleavage of 140 was attempted with the consideration 
Ehatethiewhigh straint ol the molecule might facilitate 
Such a process even though the leaving group is poor. 
tindeeday wher sl40 was briefly treated with 3 equiva— 
lents of sodium hydride in dimethyl sulfoxide at room 
temperature, it underwent ring fission to give a 71% 
yield of keto acetate 141 which displayed in the ir 
Spectrum, scarbonyiibands at 1735 Nester) andsl 710 emi 
(ketone). In the Lig nmr spectrum, the two olefinic 
protons resonated at 6 4.85 and 4.91 both as a doublet 
in agreement with the assigned structure. It was 
further confirmed by the mass spectrum showing a molec- 
ular ion peak at 236.1409. The stereochemistry of 

141 at C-5, its possible use in the synthesis of kessyl 
alcohol (138) as well the transformation of ketone 121 


to kessane (9) are the topics of continuing investiga- 
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EXPERIMENTAL 


General 


Melting points were determined on a Kofler hot 
stage apparatus and are viireienegtre os: Elemental analysis 
were performed by the microanalytic laboratory of this 
department. Ir spectra were recorded on a Perkin-Elmer 
Model 337 or 457 infrared spectrophotometer. ly nmr 
Spectra were recorded on Varian A-60, HA-100, HA-100/ 
Digilab and 90 MHz Perkin-Elmer 32 spectrometers, and 
13, nmr spectra on Bruker HFX-10/Nicolet 1085 spectro- 
meter; using tetramethylsilane as an internal standard. 
The following abbreviation are used: s = singlet, d= 
doublet, t = triplet, q = quartet, and m = multiplet. 
Mass spectra were recorded uSing A.E.I. Model MS-2, MS- 
9 or MS-50 mass spectrometers. Gas chromatography (gc) 
was performed on a Hewlett Packed 5750 instrument 
using a stainless steel column (8' x 1/8") packed with 
15% SE-30 on 80-100 mesh chromosorb W. Unless other- 
wise specified, anhydrous magnesium sulfate was used as 
drying agent for organic solutions and silica gel as 


adsorbant for column chromatography. 


Materials 


Ether, 1,2-dimethoxyethane (DME), tetrahydrahydro- 
furan (THF), and benzene used for reactions were 


freshly distilled from lithium aluminum bY GLoew ey i 


86. 
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dine was dried over barium oxide and distilled. Di- 
methyl sulfoxide (DMSO) and hexamethylphosphoramide 
(HMPA) were distilled from calcium hydride. N,N,N',N'- 
Tetramethylethylidenediamine was distilled from molecu- 
lar sodium. 2-Cyclopentenone was prepared from a 
mixture of 3,4- and 3,5-cyclopentenediol (Research 
Organic/Inorganic Chemical Corp) according to the known 
procedure (87). 2-Carbomethoxycyclopentenone was pre- 
pared by Dieckmann condensation of dimethyladipate 
which was obtained from adipic acid according to the 
reported procedure (88). Sodium hydride (50% dispersion 


in oil) was washed with n-pentane prior to use. 


4-Acetoxy-2-cyclopentenone 

The reported procedure (68) was used with modifica- 
rOnee eA Miuxturezof 80 g (0597 mol), of 2-cyclopentenone, 
te 2a 109 fmol) sof N-bromosuccinimide (NESJandeoa Gear 
iio ZO01s SObuLy ron LG Len ing ZO00smiyoty carbon. tetra— 
chloride was heated at reflux for 1 h. The mixture 
was cooled to 0°C and filtered. The residue was washed 
thoroughly with ice-cold carbon tetrachloride. The 
filtrate after washing with ice-cold aqueous 1M sodium 
thiosulfate solution (2 x 300 ml), and water (300 ml), 
was dried over sodium sulfate, filtered and concentra- 
ted under reduced pressure (aspirator) to give 160 g 


of crude 4-bromo-2-cyclopenten-l-one. This oily 
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product, without purification, was dissolved in 1000 

ml of glacial acetic acid and silver acetate Gl 52ece 
0.975 mol) was added. After heated at reflux for 

24 h, the reaction mixture was filtered and the resi- 
due washed with glacial acetic acid. Removal of the 
solvent in vacuo followed by distillation of the re- 
maining oil yielded 82 g (60%) of 4-acetoxy-2-cyclopen- 
tenelsone as farcolorlesssoirli:” bpn48e/0%3atorr: Hi 
Cerim)y,el743 (ester), P7s0U(ketone) Fand 1593 ¥double 
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3 
bo) em zk CHC) CO=)in.2. 71 Odd) ain ee 


ke 
aa 
= 
q 
H] 


ke 
wo 

Cy 
Il 


Sholetap LAG GsO weer al a Sin Wiare Weleleleh 2hsG wh ee Th AS SS 
yp a 2p ate) — HZ, _¢HOcO-) , peas Ve vo he a Se A 
Jewell 7 ~—COGH=~and 7.52) (dd,-1H «Jd <=-6, J* = 2) Hz, 
Bed -—eCUCO>) ;iidos: specurum mM’ 120, 04/6" (Calcd, sor 
C5H,03: TA0~0474) < 


1l-Acetoxy-2-carbomethoxycyclopentene (76) 


To a solution of 2-carbomethoxycyclopentanone (706 g, 


APomeuoOl) mene yridi ne (7/89 9,919.95) mol) at 0° C;awas 
added dropwise acetyl chloride (585 g, 7.45 mol) over 
aeperigg of One hour. The reaction mixture was stirred 
at room temperature under a nitrogen atmosphere for 

24 h. After cooling to 0°C, ether (1000 ml) was in- 
troduced and the resulting mixture was acidified with 


1ce-cold 103 H5SO,- The ether layer was separated and 
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the aqueous solution extracted with ether (28> O00 

ml). The extracts were combined and washed successively 
with saturated aqueous sodium bicarbonate solution (200 
ml) and brine (200 ml). Drying, filtration, and con- 
centration of the extracts gave an oil (876 g) which 
Woomcestubledsat)5/-500/7 0.38 Torr stomelvye: c32—4nqm(o0E) 

of 76: ir (film) 1780 (enol acetate), 1725 (a, 8-un- 
saturated ester) and 1665 cm ~ (double bond); 14 nmr 
(CC1,) 63.63 50S; 3H, -CO0CH >) Bande. 30° (s,— 3H, CH,COO-). 


2, 


P-ReevoOxy—1—-Carbomethoxy tri cye.o 15 a3. Ur OU Cdecndeenes 


3-one (86a) and 1-Acetoxy-7-carbomethoxytricyclo- 
276 
[Ss OO ]dec-4-ene-3-one (87a and 87b) 


In the photochemical reaction vessel (Fig. 8) were 
piacecelseg (0. LO7iimol) Pote4-acetoxy—2—cyclopenrenone, Ba0UEg 
(1.87 mol) of 76 and 1000 ml of benzene. The reaction ec 
ture was irradiated using a 450 W Hanovia high-pressure quartz 
mercury-vapor lamp and a Pyrex filter, at room tempera- 
ture for 24 h. A constant flow of nitrogen was maintained 
to agitate the solution throughout the reaction period. 
Benzene was removed and excess 76 was recovered by dis- 
tillation and recycled. After repeating the same process 
for three additional times using 20 g, 20 g, and 28 g 
of 4-acetoxy-2-cyclopentenone. A total amount of. 2-300 g 


of crude photoadduct was obtained. The crude product, 
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Migaec ea NeaDewar flasks "RB. Sintered "qlass filter: —e 
Goo lingucouls. |p. water inlets Gh. waternsoutlet-. (Fe ere— 
action vessel; G. quartz immersion well; H. pyrex filter; 
PeevanO memGeniyd CrOGeh Gas InlLe@Uss sihwseGl CUuldsGuassm O21, 

L. condenser; M. calcium chloride drying tube. 
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without purification was dissolved in 1000 ml of benzene 
and 30 g of p-toluenesulfonic acid was added. After 
stirring at room temperature for 48 h, ethesreaction 
mixture was washed with aqueous saturated sodium bi- 
Carbonate solution, (2 x,150 ml); and water (2 x 100ml), 
dried, filtered and concentrated: to give 220g of a 
viscous oil which was subjected to column chromatography. 
Elution with benzene gave 120 g (80%) of a mixture of 
Soa neo /Aeandss7b: mirg(f£rlm) 1745 (ester), 17107 Ha, p- 
unsaturated ketone), 1590 (double bond) ; ly nmr (CCl, ) 


Ga aoO eel. 9202. 000 (al lacy totale3H CH= COO—)i,moexes 


3 
Some SOON (ables, COCA LAG, -~COOCH,), (ERE Aled ites TSU 
(coeecdye totally —s5 3s Le tz -CH—CHCO—)F 

Ores Os eG. 24. (a lod eC Otud Le Hy ro. yen ee OO 

Hz). Anal’ Calicd for Cy Fy 605? @,MO3.6S05 hy mow us. 

Bounces GC, =65:. 697 "H; @o. 10). 

A small amount of the mixture was further sub- 
jected to preparative high pressure liquid chromatog- 
raphy (Waters Associates Prep LC/System 500) using 
ether aS eluent. This resulted in the isolation of 87a 
and the major stereoisomer of 86a in pure form. The 
later compound showed the following spectral data: bie 
(CCl,) 1740 (ester) ;,~1710%(o, B-unsaturated ketone), 
is esmydokpielsond); ©4inmr M(CClp) O81. 92 (s, San, weHycoC—) 
sno 28 (5S peshy -COOCH3), 6433 (daPeli -S0s=S5t5 , lee 0G 


Hz) =CHCO=), and=7736° (dd, 1H, "J ="5%3, Ul S=F1 eee zy 
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Berea COs) ee Ana lh Cal cdawtor C14 Hy 605: CPPS OoTeH, 
Of Jem hOUunC tae Crai63 207.4 > 5 HG. 1.6) eiThe following physi- 
cal properties was obtained for oy As ee De LOse One eC 
(ether); ir (CCl,) 1740 (ester), 1710 (a,f-unsaturated 
ketone), 1589 (double bond); "H nmr (CC1,) 6 1.86 (s, 


6e2dendds. LA aed, 


3H, CH3COO-), sO Seen, ~COOCH 3) , 


Dee moe aaiOe 6) HZ, = CHCO-) ee 7 a8 wldd, lH ea) =.15-9 580) = 
ieee 7). eeANnal .Calcdetor C1 4H 1695: Grip ch O Searle On 09. 
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7-Acetoxy-—1-carbomethoxy-5-methyltricyclo[5.3.0. 0? oe 


decan-3-one (88) and 1-Acetoxy-7-carbomethoxy-5-methyl- 
tricyclo[5.3.0.07'°}]decan-3-one (96) and (104) 


(hyeeeoo es l0,ang 104 trom aemuxture, Of 06a, 87a andeolD. 
At 0°C a solution of 3.00M methylmagnesium bromide 
in ether (140 ml, 0.42 mol) was added dropwise to a 
MWiccuLewOre 40.6 gq (0.20 mol) “OL cuprous LOdTdemineecier, 
(1000 ml). The resulting mixture was stirred for 10 min 
andeassolutron of 14g (0.053 mol) of o6a, S/apand=s7D 
in 200 ml of ether was added over a period of 10 min. 
After stirring f£0r additional 30 min, the reaction 
mixture was poured into 1000 ml 4N aqueous ammonium 
hydroxide solution with vigorous SGenkpacatnelepy «  deK=s (ake sane 
layer was separated and the aqueous solution extracted 


with ether (3 x 200 ml). The extracts were washed with 
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brine, dried, filtered, and concentrated. Purification 
of the crude product by column chromatography uSing a 
solution of 5% ether in benzene as eluent Spe iee AR Us he 
(65%) of 88, 96 and 104 as a mixture: ir (CC1,) 1745 
(five membered ring ketone), and 1730 emt (ester); ty 
nmr (CC1l,) ei, tis akoale WEWhh velo» imekeeil ite af x= 
Ga Hz, HCH), Dh Shst (0S pe Bis CH3CO-), 3.59 and 3.66 


(both s, total 3H, -COOCH mass spectrum M* PRO 
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(B) 88 from 86a. 

PiU jpassolutrvon jot 36a (24 mg; 0.098 mmol) ein 
0.2 ml of ether, was added to a suspension of yellow 
methylmagnesium bromide-cuprous iodide complex in ether 
(prepared from 0.268 ml of a 2.92 M solution of methyl 
magnesium bromide in ether and 80.25 mg of cuprous iodide 
in 5 ml of ether according to the procedure described 
abDO Ve PemeAGteT eSt irr noea tu 2G -LOore20amin, achemneaction 
mixture was poured into an ice-cold saturated ammonium 
chloride solution (25 ml) and extracted with ether (2 x 
50 ml). Workup of the extracts in the uSual manner 
afforded 20 mg of crude oil, which was purified by column 
chromatography. Elution with a solution of 2% ether in 
Rensereayavenl 4umgals6%)Classamer (CCl, eva 5ecmes 
(ketone and ester); a nmr (CCl,) 6 1 O/C SH ea 


Sn) Hz, CHCH) WAMEE Ws, Sisly CH3,COO-), and 3.60 (s, 3H, 
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~COOCH 3) ; mass spectrum Mt 2500 Lo lOuKCatcdimron Ci 5H5905: 
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Treatment of the minor isomer evae(l6> mg, 050 
mmol) with methylmagnesium bromide-cuprous iodide complex 
using the same condition described above gave the corres- 
ponding isomer 96 5(8./emg se oe) (CC1,) TS Oi 0 
an ester and cyclopentanone) ; ae nmr (CDC1 3) Om Uregu 


\ 
(dye ol yaa 6.552, Youre yle io OSes SH CH COO—)F, 


3 
Bo Om GS, ) oh? -~COOCH3) ; mass spectrum 280.1313 (Calcd. 
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6-Carbomethoxy—10-methylbicyclo[5.3.0]decan-2,8-dione (90) 


TOraesOluti on. or Olamgat0.. Gammol)s Obed deaie le 
ml of methanol was added 1.5 ml of 4N aqueous sodium 
hydroxide solution. The resulting solution was heated 
aeeretiu. cor 24 8h mider an atmocpicre of nitrogen. 
After that time, it was cooled to 0°C and acidified 
With CNeHCL’ to -pH 1. *eExtraction-withschloroform: fol— 
lowed by the usual workup of the organic solution gave 
40 mg of acid 13: ir (CCl,) 3490 (hydroxyl) 1745 (five 
membered ring ketone) and 1710 om + (acid’ and” seven 
membered ring ketones). The crude acid 89 without puri- 


fication was esterified as follows. TO ay solution 
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Of crude acid 89 (40 mg) in acetone (2 ml) was added 
potassium carbonate (49.3 mg). The mixture was stirred 
at room temperature for 10 min and methyl iodide 

(0.1 ml) was introduced. Stirring was continued for 

16 h. Water (10 ml) was added and the aqueous solution 
emeractedgwithtether (2iex50/ ml) eeeThesorganicisolution 
was dried, filtered, .and) concentrated, to afford 48 img 
of solid. Recrystallization from ether-pentane yielded 
Saige 2%)p Of OO ce emogl2e=12908C> ix (CCl,) 1740 (ester 
and five membered ring ketone) and 1710 cm + (seven 
membered ring ketone); “H nmr (CCl), 6 1.08 (4, 3H, 


J *=40 25 Hz, HCH) andes Bice GSP aol, ~COOCH3); mass 


spectrum M* 238.1212 (Calcd. for Cr BHieO) aamee 38 b207}i7 
Athat.wocalea, for C381 9°, C71 O5s52") He / 30). eeeounas 
Greco 248- Hy Jail. 

SR ae 
5-Acetoxy-3-methyl-ll-oxatetracyclo[7.2.1.0. 0 ]- 


dodecan-10-one (93) and 5-Acetoxy-3-methy1-1ll-oxatetra— 


519)4,12 


Ci CHO Za 2 plus ]dodecan-10-one (94) 


To a stirred solution of 88 (17 mg, 0.06 mol) in 
methanol (3 ml) at 0°C was added sodium borohydride 
(34 mg, 0.8 mmol). After 45 min, water (10 ml) was in- 
troduced and the resulting mixture extracted with ether 
(3 x 50 ml). The extracts were combined and worked up 


tnt hesuSsua lWaimannec. On removal or the solvent, a 
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mixture of two products was obtained. Column chromatog- 
raphy of the mixture using a solution of 5% ether in 
benzene as eluent gave 10.5 mg (67%) of crystalline 23% 
Moe woo 136° Cer ir (CC1l,) 1765 (y-lactone) and 1738 amo 
(ester) ; ly nmr (CC1,) On ALOIS Geb Sh5b). All eee cy AEE. 
HCH) Za OME Sot CH3CO0O-), and 4.97 (dd, 1H, J = 
Sy (Oh. eee aan -cHo-) : mass spectrum m/e 208.1019 (m- 
FZ ea(Calcd. for Ci 241,60: 2082 L019- Anal Calica: 
£Or C1 4H] 993: Coe Oe pert nies 2 eee COUN sm Cen O ec 
Hees ietitles 

Further elution with ether-benzene (1:9) yield 
4 mg (25%) of 94: mp 143-145°C; ir (CCl,) 3600, 3450 
{hydroxy) > and, 1735 on (ester); aH nmr (CC1,) 6 
acm (des 3H gd = (6.5 Hz, CHCHS) , 2.04 (s, 3H, CH3COO-), 
mesOe (dd, 1H, R= 157209 = 3 hz, SCHo=); 50 TUS wet 


CaCO emeatia local Cam fOr Cy gH5 993? CoGOe 2 mil, 


Mes emer ula: C66 .397) Hy a4. 


7-Acetoxy-l-carbomethoxy-3-ethylidenedithio-5-methyltri- 


cyclo [5.3.0.07'°]decane (95) 


1-Acetoxy-7-carbomethoxy-3-ethylidenedithio-5-methyltri- 
OO thee st eo et eee ee ee ee eee 


cyclo[5.3.0.07’°Jdecane (97) and (105) 
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2-cyclopentanone (98) 


(Ai 5 from 88. 

TOeasSOlution of 88° (10°mg,, 0.0386 mmol)sin lemL 
of 1,2 ethanedithiol, was added 0.1 ml of boron tri- 
fluoride etherate. After stirring at room temperature 
for 15 min, the reaction mixture was added to 25 ml 
ice-cold 4N aqueous sodium hydroxide solution and 
extracted with ether (2 x 50 ml). The extracts were 
washed with water (10 ml), dried, filtered and con- 
centrated. The residue (15 mg) was chromotographed 
using a solution of 2% ether in benzene as eluent to 
give 10.6 mg (84%) of oily 95: ir (CCl,) 1735 cm” 
(ester); “H nmr (CCl,) 6 1.16 (a, 3H, J = 6.5 Hz, 
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Pas Mes eo Set(S oH peeGH 4 COO=) tarsal, aaa g -S(CH5)95-) 
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andmae Je Sy. OH, ~COOCH,); mass spectrum M* salen ba kilyy 
Be 
(CalConesLOr, C) 7H4 99% So: 35602.) VL 2). anole wcalca. 
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TomaesOlLution of 965(3.7 mg; 02025. mmo01) Sane le mh 
of 1, 2,ethanedithiol, was added) 0.1 ml of boron triftiuo- 
ride etherate. After stirring at room temperature 


for 15 min, the reaction mixture was worked up in the 


usual manner to give a mixture (8 mg) of 97, 98 and 99. 
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(C) 95, 97, 99, 98 and 105 from a mixture of B87 96) 
and 104. 
To a solution of 10.2 g (0.036 mol) of the mixture 
of 5 and 6 in 100 ml of 1,2-ethanedithiol, was added 
2 ml of boron trifluoride etherate. After stirrrmg: ar 
room temperature for 20 min, the reaction mixture was 
poured into 700 ml of ice-cold 4N aqueous NaOH solution. 
The mixture was shaken vigorously and extracted with 
ether (3 x 1000 ml). The extracts were washed twice 
wren 200 mL"oft brine,” dried. “filtered *and= concentrated 
comgive, 1427 ‘9 OL*Viscous* O01) which was@sub jected sco 
column chromatography. Initial elution with benzene 
Ma Vem ete Gem LOR 8 a) Ole IO) Beir (CC1l,) 1725 cm + CESten)i 
1iinmr 6 1.16 (d, 3H, J = 6.5 Hz, NCHCH,) 3.20 (s, 8H, 


~SCH,CH,S-), and 6326S. ¢s7. SH -COOCH.) ; mass spectrum 


+ ce 
Mets90t Oc05" (Calcd? for C1784 602 Si: 


TAS ere Eien ey es) Se, SDE T- 


39070816) SAnal’. 


Cabeda Loc C1 7H5602 


EOund- we Ceol. Heo 10 s2 Soy oa eo. hurt hetee lution 
with benzene yielded, 1.51. Gg (13.502) Vor (96: az (CC1y) 
l725> (ester) and 1750 ae (five membered ring ketone) ; 
li nmr 6 0.93 (d, 3H, J = 6.5 Hz, NcHCHS) eA Ely 


-SCH CH5S-), G6 Ol CS ote, -COOCH3) ; mass spectrum 
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32 
Steuer ws ealcd.. tor Cy 5H5903 So: Bd 0 Lp eeiiet Lie 
32 
: POOF ai7 U0 ce Syueeu se oe 
Colonel tr Cy 5454993 So: Cie] " ; 


Pound: cGybov.45, Hy, 7.007 5S;720.70% 
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benzene 100 mg 97 (~1%) was obtained. It showed the 


Following spectral data: ir (CC1,) igh ite (ester) ; 


7 
(S7.3H, CH3COO-), Slt es a4, ~S-CH,CHS-), ehitsy 28s 3 4/ 


1 
Hnmr (CCl,) 6 1.19 (d, 3H, J = 6.5 Hz, )CHCH,), 1.98 


(s, 3H, -COOCH,); mass spectrum M 356.1122 (Calcd. 


Bye 
for Cy 7H 4% S5: S506 17 i.) ental ee eal ca ror 


178240482: Sp SE Ay WRU ty bye isteee aiteyibavelay Tey, 


SJ e207, 6.99; S, 17.62. Elution fturther with the 


Gg 


same solvent system furnished a mixture of 97 and 95 
(S00R Mg a Ca. ls ratio and pure 95 (6.1 9g7) Ase)... eeinal 
elution with a solution of 5% ether in benzene afforded 
ppCoee us lemixcure Of Jo vand L05" (600 md). ihe ly nmr 
of this mixture showed in addition to signals corres- 
Mond2ng?, to those of 107 peaks at 6 1.19 (d, 3H," J = 
Geos \CHCH) , Lo dea Si pcees hl, CH3COO-), 320ml Saas 


-S(CH5)5S-), Andes Oem Sy mol ~COOCH 3) - 


Conversion of 95. into, 88. 

Penta curesOtelloemg (0. ammo) Core 5,06 jAda0 
(levenmol sot umercurie chloride jin 4 milgorewatersaceto-= 
nitrile (1:3) was stirred at room temperature for 3 h. 


The mixture was filtered and the filtrate diluted 


with 50 ml of water. The aqueous solution was extracted 


with ether (3 x 100 ml). The extracts were combined, 
washed successively with saturated aqueous ammonium 


acetate solution (50 ml) and water (50 ml), dried, 
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and filtered. Concentration of the filtrate gave an 

Oily residue (100 mg) which was chromatographed. Elu- 
tion with a solution of 5% ether in benzene furnished 
Pangea l2) of 88 adentical vin ane respects with a sample 


obtained previously. 


2-Carbomethoxy-2- (2-methyl-4-oxocyclopentanyl) -cyclo- 


eee 8 2s ik <9 Swi ole a ee i sae oe 
pentanone (101) 

ASmixturepoteisoenge(0s4sanmnol)mot 98, 240 mg 
(1.2 mmol) of mercuric chloride and 187 mg (0.6 mmol) 
of mercuric oxide in 10 ml of methanol-water (10:1) 
was stirred at room temperature for 24 h and refluxed 
for 1 hr. The reaction mixture was diluted with 
10 ml of water and filtered. The filtrate was ex- 
tracted with ether (3 x 10 ml) and the combined 
extracts washed successively with 20 ml each of satu- 
rated aqueous ammonium acetate and water. After the 
usual workup an oil (100 mg) was obtained which was 
column chromatographed with benzene elution to afford 
Siem 592 yor LOLs ir (CCly) 1750 (ketone) and 


L730 ere escer) ly nmr (CCl ,) ORS MWeb yo Sieh tir 


x 
Vi 


trum 238.1209 (Caled. for oie Waa 


Cee CHCH 3) and 3.64° (S, 3H, -COOCH3); mass spec-— 
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5-Ethylidenedithio-7-hydroxymethyl-3-methyltricyclo- 
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A Smixture of 95 (723 mg, 2 mmol) and 193 mg 
(5 mmol) of lithium aluminum hydride in 60 ml of ether 
was heated at reflux under a nitrogen atmosphere for 
30 min. The reaction mixture was cooled to 0°C and 
saturated sodium bicarbonate was added (25 ml). The 
mixture was filtered and the residue washed thoroughly 
with ether. The ether layer was separated and the 
aqueous portion extracted with ether (2 x 100 ml). The 
combined ether solution after the usual workup afforded 
690 mg of an oil which was purified by column chro- 
Matogcapny. Elutionswith a solution (of 5¢ etherein 
benzene gave 401 mg (69%) of 106: ir (CCl,) 3480 
em + (hydroxy). *H nmr (CC1,) 6 1.22 (d, 3H, J = 
seakey Bay NCHCH3) , 3.12 (s, 4H, -S(CH,)5S-) and B70 


(Seer, -~CH5OH) ; mass spectrum m/e 286, 268 (m-18). 


re eee 19,4, 
5-Hydroxy-3-methy1-11,14-dithiotetracyclo[7.5.1.0.7"70°""?]- 


pentadec-l-ene (108) 


A solution of 119 mg (0.41 mmol) of 106 and 81 
mg (0.42 mmol) of p-toluenesul fonyl ohlonidesi nes Looms 
of pyridine was stirred at room temperature under a 
nitrogen atmosphere for 24 h. The reaction mixture 


was poured into 50 ml of ice-cold 2N HOl@andeextracted 
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with ether (3 x 100 ml). The extracts were washed with 
9% aqueous sodium bicarbonate solution, water, dried, 
filtered and evaporated to dryness. The crude oil 

thus obtained was purified by column chromatography 
using benzene as eluent to give 62 mg (59%) of 108: 

ir (CCl,) 3500 cm (hydroxy); 4H nmr (CDC13) § 0.90 
(a, 3H, J = 6.5 Hz. CHCH,), 2.70 (s, 2H, -SCH-), 2.85 
(m, 4H, ~S (CH) 5S-) Ande oe Oe (0, wily 6 Shs een =) 


mass spectrum Mt Zour 


55.0 aye 


Sa eeny tO -OralLerracyolo |yje2e le 10 0 ]dodec-5-ol (110) 


(A) From 106. 
A mixture of 106 (230 mg, 0.825 mmol) and ca. 


6 in 50 ml of 98% ethanol was refluxed 


3 g Of W-2 Ra-Ni 
for 16 h under an atmosphere of nitrogen. The resulting 
mixture was filtered and the residue was thoroughly extracted 
with ether. The filtrate was concentrated under re- 

duced pressure (aspirator) to give 200 mg of an oil 

which was purified by column chromatography. On elu- 

tion with a solution of 5% ether in benzene, 110 (122 

mg, 76%) was obtained as a SO lid abe el ee Geno 

showed the following spectral data: ir (CCl,) 3480 
(hydroxy), 1110 (ether); *H nmr (CDC13) 6, 0.96 (4, 

3H, J = 6.5 Hz, \CHCH,), 3.26, 3.67 (both d, 1H each, 

ge=—s LOVHZ; =OCH5—) + Anis 222 De Cy, Oe me ay OCH)": 


masaepecerim M) 194013019 (Calcdweror Cypuy, O26 104.1306), 
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(Beer com36.. 

JOvassolution of846emg ..0.22%mmoljmor 136s in ml 
of pyridine, was added 49 mgs (0.26% mmo l)jmor pr colnenc— 
Sulfonyl chloride. The reaction mixture, after standing 
at room temperature for 24 h under a nitrogen atmosphere 
was poured into 50 ml of ice-cold 2N hydrochloric acid 
and extracted with ether (3 x 100 ml). The extracts 
were washed successively with 5% aqueous sodium bi- 
carbonate and water (25 ml each). Drying, filtration 
and concentration of the organic solution gave an oil 
(35 mg). Column chromatography of the crude product 
uSing a solution of 5% ether in benzene as eluent 


apeordedy29amge(614),0f 110. 


1=Acetoxy-7-canbomethoxy-3-methyl[5.3.0.07"°]decane Cie) 


Thioketal 95 (5.00.9g,7014 mmol) was dissolved in 
SOUOMIIEOtLeso se ethanol sands Cameo 0eg OL aWa2 Ra-Ni® was 
added. The mixture was heated at reflux for 18 h. 
Raney Nickel was filtered off and washed thoroughly 
Wwreneether) (L000 ml). ) After concentration of the) fal— 
tuatepeit gave 6. gq Of an oll which was ssub jected to 
column chromatography. Elution with n-pentane-benzene 
(i jeattorded an 121 mixture 3(870emq),)-30%) (ore 1 
(2'-methylcyclopenty1)-2-carbomethoxycyclopent-2-ene 
1i2 and 1,1'(2'-methylcyclopenty1)-2-carbomethoxy- 


cyclopentane 113. The mixture showed the following 
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Sspectralidata: sir (CCl) 1735 (ester), 1710%(a,p- 
unsaturated ester) and 1628 cm 1 (double bona): 7H 
nmr (CCly) 6 0.91 (d, 3H, J = 6.5 Hz, SCHCH,), 3.54 
ancetaeo0 (DOthms, @total. 3H -COOCH,) : mass spectrum 


m/e 208. 1457 4(Calcagetor: Gisr. 0 208514624) and 


TO ase 
21021608) (Calcdtfor Cy 3H 59033 2uU0wEo2 ON.  burther 
elubion using benzene gave 2.31 g (623)) of lll: Jir 


a 
(CCl) 1735 cm” (ester); lH nmr (CCl pesn0Yo2mta) 


SS 
3H ea 0. ON Z, /CHCH3) 1 1-95 Cone Cin COs mea 1c 


s) 
Be 4ae So ——COO : : . : 

( , -C CH3) AnaleeCalecd Lorn Cy 5H5 904: 
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1-Hydroxy-7-hy droxymethy1-3-methyltricyclo(5.3.0.07' °j- 


decane (109) 


Rese toed SOLUCLON, Ofelia (139) Gye af eeeninOls) 
ine c2O emi OL THY, was added 6/4emg (157) mmolj@oL 
lithium aluminum hydride. The reaction mixture was 
heated at reflux for 30 min under an atmosphere of 
nitrogen. After cooling to 0°C saturated aqueous 
sodium bicarbonate solution (25 ml) was slowly in- 
troduced. The mixture was filtered and the residue 
washed thoroughly with ether. The organic portion 
was separated and aqueous solution extracted with 
ether (3 x 50 ml). The organic solution was dried, 
filtered and concentrated. The white solid thus 


obtained was recrystallized form n-pentane-ether to 


104. 
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Cavem@ eso. gm (952) tot ALOR hen alert ers aks (CHC1 3) 3500 
crit (hydroxy); +H nmr (CDC1,) 6 0.86 (d, 3H, J = 
6.5 Hz, eHCH), 3.44 (d, 1H, J = 11 Hz, -CH(H)OH) 
aceon oom LH ped a= lst Hs -CH(H)OH); mass spectrum 


m/e 178 (M—18). Anal. Calcd. for c One ee G7 Tae 435 
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10-Methy1-6-methylidenebicyclo[5.3.0]decan-2-one (114) 


Diol 109 (1.35 g, 6.88 mmol) was dissolved in 50 
ml of pyridine and Pelcoluenesulftony l ehloriges( 2. 028g, 
10.6 mmol) was added. After stirring at room tempera- 
ture for 24 h under a nitrogen atmosphere, the re- 
action mixture was cooled to 0°C and acidified with 
ice-cold 2N HCl. The resulting solution was extracted 
with ether (3 x 150 ml) and the extracts washed suc- 
cessively with 1N HCl, dilute sudium bicarbonate solu- 
tion, and saturated aqueous sodium chloride, dried, 
fultered and concentrated towgive 1. 308g ofganso1 lL. 
Column chromatography using benzene as eluent gave 
pidge Gl O20 703% )isasedeSOlid:gamp 253400; air (CCl,) 


se yystajbiolbce sareravel)) 2 


1710 (ketone), 3090, 1645, 900 cm 
nmr (CCl,) 6 0.96 (d, 3H, J = 6.5 Hz, pCHCHs eed lee 
LH ae eS 5D A, ~CH5CH-CH) , Ave Od, LH 

MR ePeGH Hy yeand. 4.80 (d/elHymo oan oe CHIH sec 
nmr (CDC1 3) peu 9 5 pase Umea B4RD eS Jc ECORI 
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detected. “Anal! Calcd. “for C1 9H 30: CHES OSS eS =Hs 


PO Ould eCrns 0:4 ait | 9.88; mass spectrum 
aa 


m/e (% relative abundance) 178.1360 (M 38.8) >(Caleds 
for C)9H,,0: 178.1358), 179 HU36 06 (475 & 


7-Acetoxy-1-carbomethoxy-3-methyltricyclo[5.3.0.0°'°]- 


decane (115) 


TO@AsOLUCL ON Or .9 / 62 0emg7 0.050 emmol.)e1 mn somerid. 
Of 98% ethanol, was added ca. 200 mg W-2 Ra-Ni. After 
seLiuxrngy1or 18 oh, theymixture was) cooled co: room 
temperature, filtered and the filtered cake washed 
thoroughly with ether (200 ml). The filtrate was 
Gencentraceduco diveal/ mg Ot anol.) sCOLUMMaciroma— 
tography using benzene as eluent afforded 14 mg (942) 
(9 iged oe baa sma (CCl,) ALT (Sits) ene (esters); Li nm 90.33 
(eH eon Hau) CHeH)y 195 (5) SH, CH{CO>}mand 
3.06. ts, S38, ~COOCH 3) ; AnaleweGaleds #£05 Cy 5H 59094: 
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8-Methyl1-6-methylidenebicyclo[5.3.0]decan-2-one (117) 
eens see oe ee eee ee ee ee ee 


A mixture of 115 (20 mg, 0.07 mmol) and lithium 
aluminum hydride (10 mg, 0.26 mmol) in 5 ml of tetra- 
hydrofuran was heated at reflux for 30 min. After 


the usual workup, a crude crystalline diol 116 (15 g) 


WaseOoptaimneda:s ir (CCl) 3600 peed Without further 
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purification, it was dissolved in 4 ml of pyridine 
and p-toluenesulfonyl chloride (15 mg) was added and 
the resulting mixture stirred at room temperature for 
16 h. The reaction mixture was worked up and the 
crude oil thus obtained was subjected to column chroma- 
tography purification to give 12 mg (90%) of crystal- 
Ibs Gavss LEYS ema yee Ch Ea Gay lie (CC1l,) 3090 (double bond), 
1695 (ketone), 1640, 900 cm (double bona), !H nmr 
(Cel yj06,0.94 (d, 3H, 5 = 6.5 Hz, CHCH,), 3,16 (a x 
ee re Jee a= Oz), 4/5 ,6 4.00. (dy lH Cached. 
1 Hz, =CH(H)); mass spectrum M’ 178.1362 (Calcd. for 
C1 5H 130: ily henadiestaye ty G Nee tee y Kovels mena (Gh Calste adely 1” ee 
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l-Hydroxy-d-7-hydroxy-d-methy1-3-methyltricyclo- 


PARE 


5ee0. 0 Jdecane (109a) 


Tora solucion of 109N (35 mg; 0 aL eemmol) ea teem 
Omeereshivyadiat1 | led carbon tetsachloride  weassadded 
0.3 ml of deuterium oxide. The mixture was stirred 
Vi gorouslyetor 308min.) \Thevorganicysolution was 
Separated, dried, filtered and concentrated to give 
33 mg (94%) of 109a: mp 32-34°C; mass spectrum m/e 
igdeigege(M 20)" (calcds forkGy, HysO:@l 7801858)" 
The ly nmr spectrum (CDC1 3) showed signals at 6 0.86 
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Pieeach s Jaa Viz, —CH5OD) and a total of eighteen 


protons. 


Fragmentation of 109a 


A solution of LO9ay (337mg, 0. l60mmol) and isle 
toluenesulfonyl chioride (35 mg, 0.16 mmol) in 2 mi 
of pyridine was stirred at room temperature for 16 h. 
After the solvent was removed under reduced pressure 
(Oe> Torr), a solid was. obtained, Sublimation 
(s02C/025 Torr) of this materials gave 26 mae (s3s)moOL 
ketowoleftin 114, identical in all respects) (ar, Ty 
nmr and mass spectra) with that obtained previously 
Evonpco mv tdeasupra) .. erPurthermore, sine nc tidsomopec— 
trum the intensity of the m+l peak was found to be 
Mn oeeOLt that, of the molecularvion peak at 178.1360 


(Ge lodom fOr 1C QO) indicating that deuterium incor— 


12412 


bOrativon, lf any, Was) insignificant. 


Attempted Epimerization of 114 


Tota solution, of bL40(29emg 4.0.26 emmol) an 
2 ml of methanol, was added sodium hydride (19 mg, 


GOecenmol) mm ALter retluxinggrorne24eheunder ga nitrogen 


atmosphere, the reaction mixture was cooled to 0°C and 


Aciai ered withs2NeHCla Extractionswithvether @(30)50 


ml), followed by the usual workup of the extracts gave 


29 mg of a crystalline compound mp 32-34°C which was 


108. 
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Shown to be identical with the starting material by 


1 
PeCmanCmli, os nmr and 136 nmr spectra. 


3-Carbomethoxy-10-methyl-6-methylidenebicyclo[5.3.0]- 


decan-2-one (118) 


Mies CF= tO. anco luitionko® LE44.(2608mag 7 isl 4 64 mmol) 
in 20 ml of DME was added 65 mg (2.8 mmol) of oil- 
free sodium hydride. After stirring at room tempera- 
tune underfagni trogenvatmospheremtorm |Saming, 245eml 
of dimethylcarbonate was introduced. The resulting 
hixturelwas*¥atter refluxing for 18yh, cooled tom02c, 
acidified with 3N HCl and extracted with ether (3 x 


150 ml). The combined organic solution was dried and 


Pilteredss Concentrationyo£ the frltratefyreldedy400- mg 


Cfrangsorl: SPurification bygcalumnechromatography usang 


a sOlution of 50% n-pentane in benzene gave 320 mg 
(262) 804 118i) fir (CCly) 3450 (hydroxy) 3095 (double 
bond el745 “ester)7il710 (ketone), 91600 (enotedouble 
bond puee45 and, 900 euie (double bond) ; ly nmr (CCl, ) 
S097 ele05e (bothsd,Ototali3H7lJ§=-6:5, Hz, “CHCH3) 
3.63, 3.64 (both s, total 3H, -COOCH3), 4.74 and 4.85 
(both s, 1H each, =CH5) mass spectrum mt 2362 Aly. 
(galcd Biron Cy 489903! 2361413) eeeana L eGd Louse LOL 
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3- [2 (2-Hydroxypropy1) ]-10-methyl-6-methylidenebicyclo- 
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[5.3.0]decan-2-one (119) 


RiEmOe CHE tLO2 @ -soltition of Ceinge (On 49 eng) sor Abb) 
in 8 ml of THF under an atmosphere of nitrogen, was 
added oil-free sodium hydride (18 mg, 0.8 mmol). After 
Stilceing fore 15° mins—ael J6M Ssolutron@of methyllithium 
Uneetner (0.92 mU,P1ess=mmol)=was added in’ one portion. 
Stirring was continued at room temperature for further 
27 Thesreaction mixture was cooled to-0°C, aciditied 
WLUCOPINeHCIS fandiextracted with ether™(37 x" 150"ml» . 
The extracts were workup in the usual manner. The crude 
product thus obtained (120 mg) was subjected to column 
chromatography. Elution with a solution of 2% ether 
iimpenzenesgave joo"mg (S7/t)PoL PEO =ir (CCl,) 3500 
(hydzoexy)) 3100° (olefin), 1695" (ketone); 1645" and 900 
Eiko (olefin) ,@1365"and 1330 ae” (gem-dimethyl1) ; ly nmr 
(CCl,) 6 1.00 (GP = Sheed ="o 5827 YCHCH3) , A lO) Sat vl lagy AMG 
(both s, 3H each, -C(CH,)5), and 4.80 (s, 2H, =CH,); *%c 
nmr (CDC13) ppm, DOCS re 2OR IP Ore ene Oe ye o ey 
Bae eee Ar ee Asis; 59807 6475; 7.67 =ll2.37" 14925-and 
one carbon undetected. Mass spectrum mM’ PSGn bi Viet GaLlLcd. 
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76.22; H, 10.23. Found: C, 75.84; H, 10.32. 
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4,8,10,10-Tetramethyl-9-oxatricyclo[6.2.2.0°" /]dodecan- 
Se let el ee ee Oe I 


Zeone (121%) 

Aemilxturesof 50emq (0.21 mmo 1 ) Spi, ERY vatiatel EOE sites 
(0.31 mmol) of mercuric acetate in 4 ml of aqueous 
THF (1:1) was stirred at room temperature for 20 min. 
LOecuioereact7on mixture were added) mil, ot oN 
aqueous sodium hydroxide and 1 ml of 0.5M NaBH, in 3N 
aqueous NaOH. The mixture was then saturated with 
sodium chloride and 10 ml of ether was added. After 
felerotlonseand dilution, of the flltrate: wi the! Omm! 
of water, the organic layer was separated and the 
aqueous portion extracted with ether (3 x 50 ml). The 
combined organic solution was worked up in the usual 
manner. Column chromatography of the oily product 
G50amcg) fon eneutralwaluminat(qrades bil) musingen-pentane— 
benzene (3:2) as eluent gave 20 mg (61% based on con- 
sumed starting material) of 12l asa solidtimp: 4—42:3C. 
Further elution with a solution of 40% n-pentane in 
benzene resulted in the recover of 17 mg of the start- 
ing material 119. Keto ester 27 showed the following 
spectral data: ir (CCl,) 1705 (ketone), 1370, 1380 


1 (ether) ; ly nmr (CDC13) 


(gem-dimethyl) and 1095 cm 
| 
Sa VLOGS yeSH, Bom ch age}sy (eh Shel. We ie le 15h, 


| 
YNCHCH,), 1.21 (s, 3H, -O-C-CH3), and 1.30 (s, 3H, 
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: ate 
3H, O-CCH,), 2.24 (dd, 1H, J = J' = 5 Hz, -CHCHCH-) , 
ZUM CO aH, 9 Hz) unassigned 2.86 (septet, 1H, 
J=4 Hz, -CH-CH ); Ske sores (CDC1,) ppm 18.2, 22.0, 
Diet 29', 62 30.07 306 9a (2C)\h B2e4) vate ele Spo ee 
97-2,)71.4, 74.0:and 213.90; mass.spectrum, m/e (3 
relative abundance) 236.1774 (M’, 48.7) (Calcd. for 
Cy 5H 499: 230867 .b)4f 2idenl 0. 8) oemanalweCa locas for 
GweupyO: 8Cr g6,22:0H) 10.23 s@round: 4c,a76n36-—He 
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457 LO, LO-Tetramethy!l—9-oxatricyclo [6.2.2.0 codecs 


2-O1 (123) 


POogdesOlLutTOn ote 12 1035 mg.un0) ag KL jpee Kee ae 
of THF at 0°C was added lithium aluminum hydride (11.2 
mg, 0.3 mmol). . The resulting mixture was heated at 
reocluuxeLOres0rmine ALLer COOLIng? cor 0. Cy thesexcess 
lithium aluminum hydride was destroyed by dropwise 
addition of saturated aqueous bicarbonate solution un- 
til evolution of hydrogen ceased. The mixture was 
filtered and the filtrate diluted with water and ex- 
tracted with ether (3 x 75 ml). The combined organic 
solution was dried, filtered and concentrated to give 
an oil (38 mg) which was purified by column chroma- 


tography. Elution with benzene yielded 35 mg (99%) 
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Otel se Gir (CCly), 3630 (hydroxy) #1 3650380 (gem- 
dimethyl) and 1100 cm? (ether); 'w nmr 6 1.00 (d, 3H, 
J = 6.5 Hz, (CHCH,), 1.14 (s, 3H, -O-CCH,), 1.26 (s, 
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} 
9CHCH3), 
anda 128 (ddPelug Jt,J8 = 5.82) “CHOH) ; Li nnme (pyri 
dine-ds) 6 1.07 (d, 3H, J = 6.5 Hz, \CHCH,), 1.26 (s, 


3H, -OCCH,), 1.33 (s, 3H, -OCCH), 1.88 (s, 3H, -OCCH,), 
2a Oe atin, 2 LA ~CHCHCH) andes sseiddy lie le=t0 —— Sez, 
Ycoou). +*3¢ nmr (CDCl) ppm 18.8, 23.5, 26.0, 30.1, 
ORCA) bey Roe. Ope Oy La Ama O eo eos Lee pean 
two carbons undetected; mass spectrum M* 2am 83,0 
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Dehydrokessane (80) and A>-Dehydrokessane (81) 


(A) Using methanesulfonyl chloride. 

PemawscOlurione or 1234 (Gum ,— 01.02 5emmol) Seine lain. 
Of pyridine was added 0.1 ml_of.freshly distilied 
methanesulfonyl chloride. After stirring at room tem- 
perature for 48 h under an atmosphere of nitrogen, the 
mixture was poured into ice-cold water (10 ml) and 
extracted with ether (3 x 75 ml). The combined organic 
solution was dried, filtered, and concentrated to give 
6 mg of crude product which was purified by column 
chromatography. Elution with a solution of 40% n-pentane 


‘ -l 
in benzene afford 4 mg (72%) of 80: ir (CCly), 1100 cm 
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114. 


SHO... , NCHCH) , Vom Seon -OCCH) mass 
spectrum m/e 205.1590 (M-15) (Calcd. for C) 4H, 10: 
205.1591). Further elution using the same 

solvent system yielded Glee. 45 mg,.25%)) ly nmr 
(CDC1,) 6 1.03 (d, 3H, J = 6.5 Hz, CHCH3), 1.12 (s, 
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(BoeeeuUsing achrony. chloride. 

A solution of 123 (5 mg, 0.02 mmol) and thionyl 
chloride (0.15 ml) in benzene (2 ml) was stirred at 
room temperature for 18 h. The mixture was added to 
10 ml of water and extracted with ether (3 x 50 ml). 
The extracts were washed with 5% aqueous sodium bi- 
carbonate (10 ml), and water. Drying, filtration and 
concentration gave 4 mg Of an 0il which was purified 
by column chromatography. Elution with n-pentane- 


benzene (2:3) yielded 3.2 mg (69%) of 80. 


(CwmnUsi no epnosphory.|. chloride. 

Momamsolutlonsof 3123 0( LO0emg 00.3047 mmol) in 1 ml 
of pyridine was added phosphoryl chloride (0.2 ml). 
After stirring at room temperature for 24 h and cooled 
to 0°C, the reaction mixture was diluted with ether 
(10 ml) and poured into ice-cold water (10 ml) and 


extracted with ether (3 x 75). The extracts were 
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washed with 1N HCl (20 ml), water CUOeml) | wdried, 
filtered and concentrated to gives anvoi Gl leng\lewhich 
was chromatographed. Elution with n-pentane-benzene 


derOrcdedeonG Mg (732)ot 30. 


4,8,10,10-Tetramethyl-2[(N,N,N',N'-tetramethylphos- 


tt ee tr nent sonata tasers gp cor—aevenenee 


phinyl) oxy]-9-oxatricvclo[6.2.2.0°2"/ 
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]dodecane (125) 


To a stirred solution of 11 mg (0.04 mmol) of 123 
in 4 ml of DME-TMEDA (4:1) was added a 2.38M solution 
Gransbubyi Ji thiumetn ether (0.05 ml, 02 h2 mmol). 

After stirring at room temperature for 10 min, 0.05 

ml (0.42 mmol) of dimethylphosphoramidic dichloride (83) 
was introduced. The reaction mixture was stirred 

EG mZ4an and cooled sto. -/8°C.. Dimethyiamine (lami) 

was introduced with the aid of a dry ice condenser and 
the resulting mixture was allowed to warm to 0°C. 
Ripersscunbingsroreagdi tiona lye shbeat, 06C, ethesexcess 
dimethylamine was evaporated by warming to room tempera- 
pa pa andswater (10 ml), was added. Extraction swith 
ether (3 x 50 ml) was followed by washing the extracts 
twice with water (25 ml each). Drying, filtration 

and concentration yielded 21 mg of an oil. Column 
chromatography using ether as eluent gave 15 mg (953) 

of 125: ir (CCl,) 1230 (P=0) and 990 cm” (P-O); “H nmr 
(CCl,) 6 1.02 (d, 3H, J = 6.5 Hz, (CHCH,), 1.16 (s, 3H, 
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S-Epikessane (79) 


Tomas Dluessolutionto& lithium 238 mg, 4 x tome p= 


atom) in 4 ml of anhydrous ethylamine at 0°C under an 
atmosphere of argon, was added dropwise a solution of 
de> (lsymg7 4024 "mmol) -ine20 mh" of THE containing 

Oz iow t—buty alcohol. The reaction mixture, after 
stirring at 0°C for 20 min was quenched with 2 ml of 
water. Ether (10 ml) was added. The mixture was 
allowed to warm to room temperature, diluted with water 
(TO ml) and extracted with ether (3 x 50 ml). After 
the usual workup, the ethereal solution afforded a 
yellowish oil which was chromatographed with n-pentane- 
benzene (2:3) elution. 5-Epikessane 79° (6-6 mg; 0/12) 
thus obtained showed the following spectral data: ir 
(CCly) VeLoOevether) - 13/07 and wl3380 ae (gem-dimethyl) ; 
lin nmr (CC1,) 6 0.93 (ad, 3H, J = 6.5 Hz, CHCH3), 1.00 
(SyaesH -OCCH) , Loar CS mel -OCCH), ands 20 Spa, 
-OCCH) the nmr (CDC1 3) eyelyy Resi Cheha bp Here, kl ally, 
BOmesaes 18 yes 2 0) (20) pa Os Oe Oe tute te ee oy 


73.1, 74.0; mass spectrum M 222.1983 (Calcd. for 
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Attempted Epimerization of 121 


a a i re tT 
(A) Ketone 121 (27 mg, 0.1 mmol) was dissolved in 
methanol (3 ml) and sodium hydride (11 mg, 0.45 mmol) 
was added. The reaction mixture was heated at reflux 
under a nitrogen atmosphere for 24 h. After cooling in 
an ice bath, it was poured into water and extracted 
Wiehngether (345x975 ml). ~ Concentration, of the dried 
extracts gave a ketone (25 mg) whose ir, eH nmr, nike 


nmr and mass spectra were identical to those of the 


Starting,;material. 


(B) Under the same condition, the reaction of 20 mg 

(0-085 mmol) of 121 and sodium hydride (8 mg, 0-34 mmol) in 
methanol-d, (89) gave after the workup (D50 was used 

in place of H,0), PNW) Tinks ceym” AAR | be (CCl,) 2¥209(C—-D)G 

1705 (ketone), 1100 (ether, 1380 and 1370 cm’ (gem- 
dimethyl); “H nmr (C,Dg) 6 1.09 (d, 3H, J = 6.5 Hz, 

pCnCH ay: Tai MEY. 2h -0-CCH), Lay Sa ie -OCCH3), 

ne) yee -O-CCH3), 2.30 (d, 1H, unassigned) and 

2eoom (sextet, 1H, J = 5 Hz, -CI.,CHCH3) 5 mass spectrum 

m/e (% relative abundance), 236.1788 (m, 1.2) (Calcd. 

for C) 5H> 40: 23°61 756). te oo eke eed Cone. OL 

C1 5H, 3D0>: 237.1855), 239 (8). Deuterium incorporation 
calculated (90); 97.6% (singly labelled), 0% (doubly 


labelled). 
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3-Bromo-4,8,10,10-tetramethyl-9-oxatricyclo[6.2.2.0°" /J- 


CO re i tne LE eee at ae 


dodecan-2-one (127) 


LO@amsOlLUCLONSOL eketone 24 (15eme, 0.064. mmol) sin 
glacial acetic acid (1 ml), was added pyridinium hydrobro- 
miae, perbromide (30 mg, 0.072 mmol). Therreaction mixture, 
aocereocLeEringsateroom temperature for 20 min was 
added to water (20 ml) and extracted with ether (3 x 
75 ml). The extracts were washed successively with 
saturated aqueous sodium bicarbonate (25 ml) and 
water (20 ml). Evaporation of the dried extracts gave 
an Oil (22 mg) which was purified by column chromatog- 
raphy. On elution with a solution of 25% benzene in 
n-pentane; 127 6619 32mg, 6963)" wast obtained. sThesproduct 
showed the following spectral data: ir (CCl,) 

1705 (ketone), 1100 (ether), 1370 and 1380 (gem-dimethyl) ; 
aHacmeaCccly,) 6 1.10 (a, 3H, -OCCHts) , elle) (ie, fh. 

-oCcH) , Ihe ee WE) Bist -OCCHs) and 1.37 (d, 3H, .CHCH,); 
massmspectrum m/e 235.L701) (M-79 and M-81)°*(Calcd. -for 


C Oo: 2A sOD)) = 


15423 


Reduction of 127 with Lithium Aluminum Hydride 
eae es el eee eee 


(A) To a solution of 127 (13.3 mg, 0.041 mmol) in 2 ml 
of THF, at 0°C, was added lithium aluminum hydride 
(3.6 mg, 0.08 mmol). After Stimring, (Oreo ail Sails 


rated aqueous sodium bicarbonate solution (5 ml) was 
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added and the resulting mixture filtered. The filtrate 
was added to water (10 ml) and extracted with ether 

(3 x 75 ml). The usual workup of the extracts was 
followed by column chromatography of the crude product. 
On elution with n-pentane-benzene (1:1) a colorless 

Orla 5a Gye 55%) Wass Obtainedewhosesin, Ly nmr and 
maSS spectra were found to be identical with those of 
121. Further elution with benzene gave an alcohol 


(4 mg, 40%) identical with 123 in all respects. 


(B) Under reaction condition similar to those above 
127 (19.5 mg, 0.064 mmol) was reduced with lithium 
aluminum hydride. Prior to the workup of the reaction, 
an excess of deuterium oxide was added. Purification 
of the crude product by column chromatography gave 

Deoe mg Oust he deuterated tke tones 12 Gmands 7/292 mage Ofeeche 
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3-Chloro-4,8,10,10-tetramethy1-9-oxatricyclo[6.2.2.0 


dodecan-2-one (129) 


To a solution of 121 (8 mg, 0.032 mmol) in 2 ml of 
carbon tetrachloride, was added sulfuryl chloride 
(0.2 ml). After stirring at room temperature fom we 
days, the reaction mixture was added to water (15 ml) 
and extracted with ether (3 x 75 ml).. The extracts 


were washed with saturated aqueous sodium bicarbonate 
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(25 ml), water (20 ml), dried, filtered and concen- 
trated. The residue (12 mg) was column chromatographed 
uSing a solution of 25% benzene in n-pentane as eluent 
to give 9.1 mg (98%) of chloroketone Lee aka (CC1,) 
Pio Ketone wall tOm(ether)y. 1370 and.1330 em + (gem- 
dimethyl); *H nmr (CCl,) 6 1.11 (s, 3H, -OCCH) , eal 
Sick, -OCCH3) , 4 GS rol, -OCCH) shavsh ahepemk 10els “eysty 
J = 6.5 Hz, \CHCH,); mass spectrum M* 270.1392 (Calcd. 
cemeCye Hy Ogacl = 270 sda \n 


Reduction of 129 with Lithium Aluminum Hydride 


Aemixturer or 1295(5.7°mg,.0.021)mmol) sande yt iam 
aluminum hydride (3 mg, 0.07 mmol) in 2 ml of ether 
was stirred at 0°C for 15 min. Saturated aqueous 
sodium bicarbonate solution (5 ml) was added to the 
mixture and filtered. The filtrate was diluted with 
water (10 ml) and extracted with ether (3 x 75 ml). 
Afecereche usual workup. and Purification, of thescrude 
product, an alcohol (4.2 mg, 84%) was obtained which 
was found to be identical in all respects with 123 


obtained previously. 


Reduction with Aluminum Hydride (90) 
SE eee fees) es Eee 


UR ere Cel 2i/.6 
To a solution of 127 (10 mg, 0.026 mmol) in 2 ml 


of ether at 0°C was added aluminum hydride (3.12 mg, 
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0.1 mmol). After stirring for 60 min, saturated aqueous 


sodium bicarbonate solution (10 ml) was added. The 
mixture was filtered and residue washed with ether. The 
ether portion was separated and the aqueous solution 
extracted) with ether (3>x 50) ml). “The combined! organic 
solution was worked up in the usual manner. Purifica- 
tion of the crude product by chromatography using ee 
pentane-benzene (1:1) as eluent gave an alcohol (6 mg, 


80%) identical in all respects with 123. 


Eye he dues 

Under reaction condition similar to these above, 
129 (8 mg, 0.029 mmol) was reduced with aluminum hydride. 
After the usual workup and purification by column 


chromatography it gave an alcohol identical to 123. 


2-Carbomethoxy-10-methy1-6-methylidenebicyclo[5.3.0]- 


i 


decane-1l-ol (130) 


2-Acetoxy-3-carbomethoxy-6-methylidenebicyclo[5.3.0]- 


decane (131) 

To a solution of 18 mg (0.076 mmol) of 118 in 
2 ml of methanol at 0°C was added sodium borohydride 
(18 mg, 0.4 mmol). After cheplrcrestels; pmepe SHO) viele Gele\s seo 
action mixture was poured into water and extracted with 


ether (3 x 50 ml). Evaporation of the dried extracts 
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gave 18 mg (99%) of a diasteromeric mixture 1.0%: 

ir (CCl,) 3510 (hydroxy), 3100 (olefin), 1730 (ester) 
and 900 cm (olefin); +H nmr (CCl,) § 1.04, 1.06 

(both d, total 3H, J = 6.5 Hz, \CHCH,), 3.68, 3.69 
bothnes, stotal 3H, ~COOCH,), 4510." (mH; -CHOH), 4.83 
Odes Ose (DOtNs SS, total. 2H, =CH,) . This mixture was 
found to be homogeneous on t.l.c. and used directly 

in the following transformation. A mixture of crude 
HOM Glsemg) sand 0-lemlsop acetic anhydridesin 2 emleoL 
pyridine was stirred at room temperature for 3 days 
under a nitrogen atmosphere. After cooling to 0°C, 1+ 
was transferred into a separatory funnel containing 2N 
NyaroOchLoOric acid (25 ml) and) LO0QJmilv of ether =the 
ether layer was separated and the aqueous portion further 
extracted with ether (2 x 75 ml). The extracts were 
Wastcedrwith 20 mil of 2N HCl and 10 ml of water; dried, 
filtered and concentrated. Column chromatography of the 
residue using a solution of 40% benzene in n-pentane as 
eluent gave 17.2 mg (81%) of 131 as a mixture of two 
diastereomers: ir (CCl,) S100 P(OlLSti nt, a. Ones Leics, 
1640 and 900 oe (olefin) ; te nmr (CCl,) 6 1.08, Oe) 
fawerotalsch, J = 6.5 Hz, CHCH,), 1-90, 1.94 {bothis, 


totals 3H, CH-COO-) » 3.60, 3.63 (both s; etotal 3H, ~COOCH,), 


3 
| 
AY ORGS erty 2 diy =CH5), ands52h0e(my,, JH, m-CH{OAG); eimass 


epeaumimen, 280 .16764(GalcdeconpCy ts yn) gee Gedby4de 


i ae 


"e0.t 821 3 | ’ 
| Pl lee a ; 
e0lk 88-4 9 (BG eet Oe Teses 
Aa 
ehb , Chole a a 
‘ee etulxie ‘eit? (ase oe tng. 
veivetih mip bet .o-1 22d amen 
. ; ; - 
ehits Io wwwrtle A. qubteatoleasnd mH 
is en onadal natok a. 


is e 


_— 


"~~ 


see 
a: 


pyoh. 2% spPlegequey mes 4a  hesside om 
$3 ,3°O GF ndt lanes seta » Tr ORgyeny 4 seat: a 
“aS gent insmod lonnuy yroststéijes « cpa 
ot? .isd%e to ta COOL Gem (le £8) bine aixe , 
reitrua agitweq eyomupd odd Ana batszaypa| eeW ” — 
eige toe lise ery > . (beet x Ci sateen. aadv ion 
heist «yore to la of Sas {3% a to ta OS iw te 
e4s 4» thas rposamidy aedled |. Saves snendes, 


ge enetovo-—w 2i eaetaet $65 Fo Aolsaios « 


ows 10 plain # #8 JEL 20 (ere) en ¢. 02% 
lenades) Oat , (adfelo) ele {.t05) =) 
20.2 80.0 4 {, £59) sme 1! ¢ inadwiol “hme 
2 sod) PEt! <OL (pat, vet Be 4% 

i gtIeeo- se Lezo, +p Aor) ee Pek oy 


| aunt Renae 


3-Carbomethoxy-10-methyl-6-methylidenebicyclo[5.3.0]- 
a ee et et mee ue Se ee 


dec—2—ene™ (132) 


Toma SOlUtELOnNTOL 131 (14 mg, OLAlel Sy vintem tay ekbal sp ht 
OTePME containing 30 11 of t-amyl alcohol, was added 
sodium hydride (8 mg, 0.3 mmol). The resulting mixture 
was stirred at room temperature for 16 h under an 
atmosphere Of argon. After cooling to” 0°C, ether 
(20 ml) and water (10 ml) was added to the mixture. 

The organic layer was separated and the aqueous portion 
extracted with ether (3 x 75 ml). “After the normal 
workup, the residue (14 mg) was chromatographed with 
Mepencane-benzene (17a )e elution to dg. ver! 0emgmJ0cjmOe 
eae (CCly) 3090 (olefin), 1710 (a, R-unsaturated 
ester), 1635 and 900 cm! (double bond), 1600 cm~ 
(a,R-unsaturated olefin); a nmr (CCly) OL Ome (Cpeer oti, 
Bee Geoeti7 ) CHCH,) , .4v70 9(s)) 3H ae —COOCH |) ymin amas, 
2H, =CH,), Ani.) Sie. pelt pee ee Zip Cl arene sees DeCS 


t¥um M 220.1459 (Calcd. for Soult (8 © CERO NENSS) - 


3-Carbomethoxy-10-methyl-6-methylidenebicyclo[5.3.0]- 
oes oie MLSS OI TR Sale ln aie A see ee oe a Ea 


decane (133) 

At -78°C, to a blue solution of 1lithium) (15.7 mg, 
0.0025 g-atom) in liquid ammonia (2 ml) under an argon 
atmosphere, was added a solution of 10 mg (0.045 mmol) 


Of lso in Ole mi of ether. The reaction mixture was 
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refluxed (Dry ice-acetone condenser) for 10 min and 
solid ammonium chloride (1 g) added followed bye2 oo me 
of ether. After warming to room temperature, the mix- 
ture was filtered. Concentration of the filtrate 

gave 6 mg Of a viscous oil. Purification by column 
chromatography using a solution of 25% n-pentane in 
benzene as eluent gave 3.9 mg (37%) of 133: ir (CCl ,) 


BUJOM(Olefin) | 1735 (ester, °1635 andr o00P ems a orer ne 
1 


H nmr (CCl,) Owns Od) SoH ee = Oe Stic CHCH,), 3260 
Corot -COOCH3), a Om CMe rol, =CH,) ; mass spectrum 
Mum222-1624 (Calcd. for c 222.1620). Further 


(geyser 
elutions with n-pentane-benzene (3:7) gave a mixture 
whose ir showed the absence of ester carbonyl absorp- 
tion and a intense hydroxy absorption band at 3500 


=. 
Cm 19. 


3-Carbomethoxy-10-methy1-6-methylidene-2-(methoxy- 


methoxy) bicyclo[5.3.0]dec-2-ene (134) 


Towarsolution of Lllomg (0.47 mmol) Poteliceins4 = mL 
of HMPA, was added 12 mg (0.5 mmol) of sodium hydride. 
The mixture was stirred at room temperature under a 
nitrogen atmosphere for 1h. After cooling to O2Cy 
chloromethyl methyl ether (60 ul, 0.56 mmol) was added. 
The resulting mixture was warmed to room temperature 


and stirred for 2 h. After that time, it was poured 
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into ice-cold saturated aqueous sodium bicarbonate 
solution (25 ml) and extracted with ethera(Sisce 008ml) . 
The extracts were washed with ice-cold water, dried, 
filtered and concentrated. The enol ether 134 (121 mg, 
92%) thus obtained after column chromatography on 
neutral alumina showed the following spectral data: ir 
(CCl,) S090, (Olefin), ) 17100, eB-unsatunatedgester),, 

1640, 900 (olefin) and 1600 ae E (enol ether double bond); 
“H nmr (CCl4) 6 1.13 (4, 3H, J = 6.5 Hz, \CHCH,), 3.37 
Cael, -OCH3), 3.62 (s, 3H, -COOCH,), 4.70 (s, 2H, 
-OCH,O-), Heee and ae) eCOoOthes al beach, =CH5); mass 
spectrum Me ASTM AL Si es} Kets wWhersle, “hate je Ci goa? a? 


In the subsequent reaction, the crude material homo- 


200d on De 
geneous on t.1l.c. was used without further purification. 


Reduction of 134 


At -78°C (Dry ice-acetone bath), lithium (13 mg, 


lee = api 


g-atom) was added to 5 ml of anhydrous 
ammonia. The mixture was stirred under an atmosphere 

of argon until all lithium metal dissolved. A solution 
G£eose omng (0.21 mmol) of 134 in 2 ml of ether was 
added. The Dry ice-acetone bath was removed and the 
reaction mixture was allowed to reflux (Dry ice-acetone 
condenser) for 15 min. After that period, it was cooled 


to -78°C and ammonium chloride (2 g) was added in one 


portion and followed by the addition of ether (20 m1) . 
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After warming to room temperature, the solid ammonium 
chloride was filtered off and washed thoroughly with 
ether (100 ml). After concentration of the ether solution, 
a yellowish viscous oil (59 mg) was obtained. Purifica- 
tion by column chromatography with n-pentane-benzene 

(2 meeCIuciOn agave 2) mg (41%) of an ester tdentical 


in all respects with 133 obtained previously. 


10-Methy1l-6-methylidene-3-[2-(2-hydroxypropanyl) ]- 


bicyclo[5.3.0]decane (135) 


ROvaAssOLULLON OF 1330 (307mg, 70.3 emo.) meee ein | 
of ether at 0°C, was added 0.3 ml (0.6 mmol) of a 
Sougttomor 2.02M metny. Lithium In ether. alter 
stirring at room temperature under a nitrogen atmosphere 
tor 3 Wthe reaction mixture was cooled to 00°C, and 
diluted with 10 ml of ether followed by the addition 
Grawater ond 2N Nyasochloti1c acid \amleecach) amelie 
ether layer was separated, and the aqueous portion ex- 
tracted twice with ether (20 ml cach) The extracts 
were dried, filtered. Concentration of the filtrate 
and purification of the crude product by column 
chromatography with benzene elution gave 27 mg (90%) 
whe WSR alae (CCl,) 3610 (hydroxy) 773090 7—Lo4070390 
(olefin), 1368 and 1380 Bee (gem-dimethyl) ; Lis nmr 
(CCl4) 6 0.96 (d, 3H, J = 6.5 Hz, /CHCH,), 1.12 (s, 6H, 


| 
-~C(CH3) 9) and 4.64 (s, 2H, =CHj); mass spectrum m/e 
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204.1874 (M-18) (Calcd. for C._-_H 


Cy arezat vor of €0L35) fro 5-Epikessane 9) 


Se a ee ee ey anes 


AgMmlxturesor heey WC erties 0.02 mmol) and tri- 
fluromercuric acetate (18 mo, 07027 smmo.b) ete Leem | 
each of water and THF was stirred at room temperature 
under a nitrogen atmosphere for 15 min. After which 
time, 3N aqueous NaOH (1 ml) and 0.5M NaBH, (in 3N 
NaOH; 1 ml) were added. After saturation with sodium 
chloride and filtration, the mixture was diluted with 
Water (Cem) and extracted with ethers (jase) seme). 
The organic solution after usual workup gave an oil 
which was purified by column chromatography. On 
elution with a solution of 75% n-pentane in benzene, 
79 (2 mg, 71% based on the consumed starting material) 
was obtained. Further elution with n-pentane-benzene 
Gla \eresnl ted tng the recovery Of Ul. / omo,Oltecncestare 


Hig ral cohol 1135: 
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7-Hydroxymethy1-3-methyltricyclo[5.3.0.0°" ]decane- 


eee cr eT TR a TN a BR a teeta a ae 


Peo—d10 le (136) 


A mixture of 52 mg (0.185 mmol) of 88, 25 mg (0.66 


mmol) of lithium aluminum hvdridesinso mie or Lik mwas 


heated at reflux for 90 min. After cooling to 0°C, a 


solution of saturated aqueous sodium bicarbonate (Zoro) 
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was introduced dropwise. The resulting mixture was 
filtered and filtered cake washed thoroughly with 

ether. The organic layer was Separated and aqueous 
solution extracted with ether (3 x 150 ml). Evaporation 
of the dried ether solution gave an oily residue (40 mg ) 
which was purified by column chromatography using a 
solution of 25% ether in benzene as eluent. The crys- 
tate is G (305m, a7 Of ) wma 50-15 oC ethiscuobtarned 
showed the following spectral properties: ir (KBr) 


3400 (hydroxy); ‘m nmr (DMSO-d.) 6, 0.87 (d, 3H, J = 


6) 


OG Tn JOE) a errs eh (serail a Se, ie 


I 
-CH,OH) and 4.32 (dt, 1H, J = 10, J' = 6 Hz, ~CHOH); 


mass spectrum m/e 194.1309 (M-18) (Calcd. for C1 2H) 9%: 


Pa elsOd =Anal.,Calcd. for C Oy: Cy, Lat PATE 5 
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Peneerony= 7 aceroxymechy le jemethyltricyclo(5¢3-0°0-7 -1— 


decan-l-ol (140) 


Tone sOlution.Of,25 md. .092) mmol) Jota ls 6gtnel 5 
ml of pyridine, was added 0.15 ml of acetic anhydride. 
The reaction mixture was stirred at room temperature 
under an atmosphere of nitrogen for 72 h. After cooling 
to 0°Cc, it was poured into 20 ml of ice-cold 3N hydro- 
chloric acid and extracted with ether (3 x 120 Tle) ee 
The extracts were washed successively with saturated 


aqueous sodium bicarbonate (25 ml) and water (25 ml). 
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Drying, filtration and concentration of the dried extracts 
gave 38 mg of a solid. Recrystallization from ether 
yrerded se 2emge(922)mor 140; mp 108-109°C; ir (CCl ,) 
65007m2 500) (hydroxy \Mand 740 cml Mester) mote 


(CCl,) 6 0.97 (d, 3H, J = 6.5 Hz, \CHCH,), 2.06 (s, 6H, 


ye 
CH,COO-), A220), 4.46 pe (DOCK dal He each aa) i= —lomHz. 


-CH,O-) Sbaisl we) PAS Gola, sts uh Se ale ae? = 1g te, -~¢HO-) ; 

mass spectrum m/e 236.1425 (M-60) (Calcd. for Cy 485903: 

236. : : : : ; 
Grea) Dna leecal castor Cy) 445993: Cs 64,5070, 


BeLOPeee COUNC +s = Cre Oo 0H, oto. 


8-Acetoxy-10-methyl-6-methylidenetricyclo[5.3.0]decan- 
2-one (141) 


Tovassolution of 140° (26%mg, "0.08 ml) in Sami of 
DMSO, was added sodium hydride (6 mg, 0.25 mmol). 
After stirring at room temperature under an atmosphere 
of argon for 1 h, the reaction mixture was diluted 
with 20 ml of ether and poured into 25 ml of water and 
@ecraccedswith ether (3° x e100"ml). | ihe combineasether 
solution was washed twice with water (20 ml each), 
dried, filtered, and concentrated to give 25 mg of an 
oil. Purification of the crude product by column 
chromatography with ether-benzene Cii20) 2 eLutLonsat= 


forded Ale(14emg,) /16):: eit (CCl), 3100 (olefin), 


al 


1735 (ester), 1710 (ketone), 1645 and 900 cm ~ (double 
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bond); 1H nmr (CCl,) 6 1.07 (d, 3H, J = 6.5 Hz, (CHCH,), 
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